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The attenUcm of Teachers, and cfther gendemm interested in ed- 
ucation, is requested, to the following notices of this " System 
of PhUosophy,^^ which are from the most- respectable sour- 
ces: 

Pram John Griscom, JL L, Z>. Principal of the New-York 
High School. 

New-York, June 19th, ISdO. 
Esteemed FrI£N1>, 

I have received and examined thy book on Natural Philosophy, 
with much sati^ction ; I have no hesitation in saying, that I con- 
sider it better adapted to the purposes oi' School Instruction, than any 
of the Manuals hitherto in use with which I ani acquainted. The 
amiable author of the Conversations threw a charm over the different 
subjects which she has treated of, by the interlocutory style which she 
adopted, and thus rendered the private study of those Sciences moT-e 
attractive j but this style or manner, being necessarily diffuse, is not 
so well adapted to the didactic forms of instruction pursued in Schools. 
Hence also, more matter can be introduced within the same com- 
pass, and I find, on comparing thy volume with either of the edition^^ 
of the Couversations now in use, uiat the former, is much better en- 
titled to the appellation of a System of Natural Philosophy, than the 
laller. The addition aJso of Klectricity and Magnetism, is by no 
means unimportant in a course of instruction in the Physical Scien- 
ces. . . 

I am, with great respect, JOHN GRISCOM. 

■ P. S. I have recommended thy book to all the pupils of our High 
School, who attend to Natural Philosophy, and it is the only Book 
which we shall now use as a Class Book. 

From H. Potter, Professor of Mathematics and Natural Philoso- 
phy, in Washing-ton CoUege, Hartford, Conn, 
Dear Sir, 
I have examined a portion of your work on Natural Philosophy, 
and am happy lo say that I am, in general, well pleased with the 
plan you have adopted. With the exception of a few errors, which 
"will do\](btle8B be corrected in a subsequent edition, your mode of 
treating your subjects, seems to be sufficiently scientinc for a work 
so very elementary in its character'— and at the sEune time, it is so 
popular, as to present few difficulties to an uneducated person of or- 
dinary understanding. The diagrams are generally well drawn, 
and the plan of introducing them on the same page with the expla- 
nation, will contribute greatly to the comfort and advantage of your 
readers. 

Very truly Yours, H. POTTER. 

Dr. J. L. CovBTccK, 
Washington CoUege, July 1, 1830. 
Fromihe Right Rev, T. C. Broumea,D, D., L. L. />., President 
of Washington College, 
From a oonory examination of the work, I willingly concur in 
the above reeommendation. I know of no shnilar Book, which, for 
planand arrangement is so well calculated for the use of Schools. 

T. C. BROWN»LL. 
. Dn, J. L. C(marrocK. 



Dr. Comstock, 

I have examined your Treatise on Natural Philoeophy with con- 
siderable attention, miving used it as a Text Book in the Grammar 
School, immediately on its puMication. With this knowledge of its 
contente, I have no hesitation in pronounein^ it the best work on this 
subject, for the use of Schools and Academies, with which I am 
acquainted, and therefore hope to see it extensively introduced. 

E. P. BARROWS, 
Principal Hartford Grammar School, 

Hartford, June 26, 1830- 

Dr. Cokstock, 

Dear Sir, — I have carefully examined your System of Natural 
Philosophy, and am of opinion that it is far superior to any work of 
the kina now in use. As psuticular excellencies of this System, I 
would mention its happy illustrations — ^the pergpicuity, vanety, ar- 
rangement, and originahty of its diagrams, and the addition of much 
new, interesting, and useful matter. It appears, indeed, to have 
been a principij object with you, to give the Student correct and 
defrnite ideas, and in this attempt I thmk you have been peculiarly 
successful. I have been highly pleased with the work myself, and 
can heartily recommend it to the attention and patronage of the pub- 
lic. ^ OLIVER HOPSON, 

Principal (f the Select School. 

Hartford, June 1, 1830. 

From the Teacher of Maihematies and Natural Philosophy in the High 
School, at Ellington, Conn* 
Dear Sir, — I have examined your " System of Natural Philoeo- 
phy," and used it as a text-book for one class. I consider it better 
adapted to the purposes of elementary instruction than emy work of 
a similar kind with which I am at present acquainted. 

ZEBULON CROCKER. 
Ellington School, Aug. 10, 1830. 

Gentlemen, 

I have examined " Comstock's Natural Philosophy," and think it 
is a book excellently adapted to oommunicate a competent knowledge 
of the various subjects on which it treats. It does not enter into that 

ath of Scientifical and Mathematical illustration, of which the 
jects are susceptible ; but it illustrates in a familiar way, most of 
the principles of Natural Philosophy, and is enriched with a state- 
ment of practical details in that science. It is a book well calculate 
to be highly useful in our Schools and Academies. 

Most respectfully Yours, &c. ROBERT BRUCE, 

Pretident of Western Unioersiiy, Perm. 
Gentlemen, 

I have examined many of those Treatises of Natural Phik)so^y 
that have been prepared for the younger classes of Students— a)r. 
Comstock approaches more nearly to the idea I have formed of what 
such a work should be, than any I have met with. It is^ ricl^ in 
Philosophical facts, its explanations are popular^ its illustratioos prac- 
tical, and ks language perspicuous. It is perfectly adapted to liiose 
students at school tl^ do not take an extensive coarse of Ms^mat- 
ics, and to those that do, it will serve the important parpose of an b- 
troductioiL Youre respectfully, J. H. FIELDING, 

> PraOtiU ^Madimm Colkge, 
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PREFACE. 

While we have recent and improved systems of Geography, of 
Arithmetic, and of Grammar, in ample variety, — and Reading and 
Spelling Books in corresponding abundance, many of which show our 
aavancement in the. science oleducation, no one has offered to the 
public, for the use of our schools, any new or improved system of Na- 
tural Philosophy. And yet this is a branch of education very exten- 
sively studied at the present time, and probably would be much more 
so, were some of its parts so explained and illustrated as to make them 
more easily understood. 

The author therefore, undertook the following work at the sugges- 
tion of several eminent teachers,who for years have regretted the want 
of a book on this subject, more familiar in its explanations, and more 
ample in its details, than any now in common use. 

The Conversations on Natural Philosophy, a foreign work now ex- 
tensively used in schools, though beautifully written, and often high^ 
interestmg, is on the whole considered by most instructors, as exceeo* 
ingly deficient — ^particularly in wanting such a method in its expla- 
nations, as to convey to the mind of the pupil, precise and definite 
ideas ; and also in the omission of many subjects, m themselves most 
useful to the student, and at the same time most easily taught 

It is also doubted by many instructors, whether Conversations is the 
best form for a book of instruction, and particularly on the several sub- 
iects embraced in a system of Natural Philosophy. Indeed those wha 
have had most experience as teachers^ are decidedly of the opinion 
that it is not ; and hence we leani^ that m those parts of Europe where 
the subject of education has received the most attention, and conse- 
quently where the best methods of conveying instruction are suppos- 
ed to have been adopted, school books in the form of conversations are 
at present entirely out of use. 

The author of the following system hopes to have illustrated and 
explained most subjects treated of, in a manner so familiar as to bo 
understood by the pupil, without requiring additional diagrams, or 
new modes of explanations from the teacher. 

Every one who has attempted to make himself master d'a difficult 
proposition by means of diagrams, knows that the CTeat number of let- 
ters of reference with which they are sometimes baded, is often the 
most perplexing part of the subject, and particularly when onefiffure 
is made to answer several purposes, and is placed at a distance from 
the explanation. To avoid this difficulty, the author has introduced 
additional figures to illustrate the different parts of the subjects, instead 
of referring back to former ones, so that the student is never perplexed 
with many letters on any one figure. The figures are also placed 
under the eye, and in immediate connexkm with their descriptions, so 
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that the letters of reference in the text, and those on the diagramEs, can 
be seen at the same time. In respect to the lan^a^ employed, it 
has been the chief object of the author to make hmiself miderstood by 
those who know nothing of mathematics, and who indeed had no pre- 
vious knowledge of Natural Philosophy. Terms of science have 
therefore been as much as possible avoided, and when used, are ex- 
plained in connexion with uie subjects to wnich th^ belong, and it is 
hoped, to the comprehension of common readers. This method was 
thought preferable to that of adding a Glossary of scientific terms. 

The author has also endeavored to illustrate the subjects as much 
as possible by means of common occurrences, or common things, and 
in this manner to bring philosophical truths as niuch as practicable 
within ordinary acquirements. It is hoped, therefore, that the prac- 
tical mechanic may take some useful hints concerning his busmess, 
from several parts of the work. 

Hartford, May, 1830. 
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WATCRAL PHILOSOPHY^ 



THE PROPERTIES OF BODIES. 

A Body is any substance of which we can gain a kno^^ 
ledge by our senses. Hence air, water and earth, in all their 
modifications, are called bodies. 

There are certain properties which are common to all bo* 
dies. These are called the essential properties of bodies. 
They are ImpenetrahilUyy Extension^ Figure^ DmsUnlUj^, 
Inertia^ and Attraction. 

ImpenetrabiMty. By impenetrability, it is meant that two 
•^bodies cannot occupy the -same space at the same time, or, 
that the ultimate particles of matter cannot be penetrated. 
Thus, if a vessel be exactly filled with water, and a stone, or 
any other substance heavier than water be dropped into it, a 
quantity of water will overflow, just equal to the size of the 
heavy body. This shows that the stone only separates or dis. 
placei^ the particles of water, and therefore that the two sub- 
stances cannot exist in the same place at the same time. If a 
;glass tube open at the bottom, and closed with the thumb at 
the top, be pressed down into a vessel of water, the liquid will 
not rise up and fill the tube, because the air already in the 
tube resists it ; but if the thumb be removed, so that the air 
can pass out, the water will instantly rise as high on the inside 
of the tube as it is on the outside. This shows that; the air i» 
impenetrable to the water. 

If a nail be driven into a board, in common language, it is 
said to penetrate the wood, but in the language of philosophy, 
it only separates^ or displaces the particles of the wood. The 

What is a body? Mention several bodies. What are the essential 
properties of bodies ? What is meant by impenetrability ? How is it 
. proved that air and water are impenetrable ? 
2 
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'^atiie in the case, if the nail be driven into a piede of leiid^ 
the particles oi the lead are separated from each other, and 
-crowded together, to make room for the harder body, but the 
'particles themselves are*by no means penetrated by the nail. 

When a piece ot gold ill dissolved in an acid/ the particles 
'of the metal are divided, or separated from each other, and 
diffused ih the fluid, but the particles of gold stre supposed 
still to be entire, 'for if the acid be removed, we obtain the 
gold again in its solid form, just as though its particles had 
never been separated. 

Extension. Every body, ^however small, must have length, 
breadth, nhid thickness, since no substance can exist without 
them. By extension, therefore, is only meant these qualities. 
♦Extensioto has^no respect to the size, or shape of a body. The 
'size, and shape of a block of 'wood a foot s^fuareis quite dif. 
fercnt from that of a walking stick. Bot they both equally 
possess length, breadth, and thickness, since the stick might 
be cut 'into little blocks, exactly resembling in -shape the 
large one. And these little vcubes might again be 'divided 
until they were only the hundredth part of an inch in diame- 
ter, and still it is obvious, that they would possess length, 
•breadth, and thickness, for they 'could yet be seen, felt, and 
measured. But isuppose each of these little blocks to be 
again divided a thousand times, it is true we could not mea^- 
Aire them, but istill they would possess the. quality of exten- 
sion, as really as they did before division, the only difference 
being in respect to dimensions. 

Figure, or form, is the result of extension, for we cannot 
conceive that a body has length and breadth, without-^ts also 
having some kind of figure, however irregular. 

Some solid bodies have certain, or determinate forms, 
which <are produced by nature, and a^e always the same,8 
wherever they are fbund. Thus a crystal of quartz has six 
sides, while a garnet has tweke sides, these numbers being 
invariable. Some Solids are so4rregular, that they cannot 

When a Bul is driven intD' a bbard, or piece of lead, tJ>e'the particles 
of these bodies penetrated or separated ? Are the particles of gold dis- 
solired,or only separated by the acid ? What is meant by extension ? 
In how many directions do bodies possess extension ? ' Of what is fig- 
ure, or form, the result ? Do all bodies possess figure ? What solid 
iM'e regular in their forms ? What bodies are irregular ? 
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he compared with any mathematical figure. This ii9i the cafl^ 
with the fragments of a broken rock, chips of wood, fractured 
glass, d^c. 

Fluid bodies have no determinate forms, but take their 
shapes from the vessels in which they happen to be placed. 

DmsibUUy, By the divisibility of ma^tter, we mean that 
a body may be divided into parts, and thait these parts may 
again be divided into otbej* pajis. 

It is quite obvious^ that if we break a piece of marble into 
two parts, these two parts may again be divided, and that the 
process of division may be continued until ^ese parts are so 
small as not individually to be seen or felt. But as every body, 
however small, must possess extension and form, so, we. can 
conceive of none so minute but that i]t may again be divided. 
There is, however, in all probability, a limit, beyond which 
the particles of matter cannot be divided, for we do not sup- 
pose that the atoms of which bodieaare composed, are them- 
selves divisible, or^ can be broken, and therefore here, divisi- 
bility must end. But under what circumstances this takes 
place, or whether it is in the powef of man during his whole 
life, to pulverize any substance ^ finely, that it may not again 
be broken, is unknown. 

We can conceive, in some degree, how minute must be the 
particles of matter, from circumstances that evcory day come 
within our knowledge. 

A single gram of musk will scent a room fb^ years, and 
still lose no appreciable part of its weight. Here, the p9«rticl^s 
of musk must be floating in the air of every part of the room, 
otherwise they could not be every wheje perceived. 

Gold is hammered so thin, as to take 28,000 leaves to make 
an inch in thickness. Here, the particles still adhere to each 
otbeir, notwithstanding the great surface which they cover, — a 
single grain being sufficient to extend over a surface of fifly 
square inches. 

The ultimate particles of matter, however widely they may 
be diffused, are not individually destroyed, or lost, but und^r 
certain circumstances, may again be collected into a body 

What is meant by divisibility of matter ? Is there any limit to the 
divisibility of matter ? Are the atoms of matter divisible ? What ex- 
amples aregiv^n of the divisibility of matter ? How many leaves of 
gold does it take to make an Inch in thidgiesa? How many square 
inches may a grain of gold be made, to cover f 
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without change of fpnn. Mereury, water, and many other 
substances, may be converted into vapor, or distilled in close 
vessels, without any of their particles being lost* In sucb 
cases, there is no decomposition of the subistances but only a 
change of form by the heat, and hence the mercury and wse« 
ter, assume their original state again on cooling. 

When bodies suffer decomposition or decay, their elemen. 
tary particles, in like manner, are neither destroyed nor lost,, 
but only enter into new arrangements, or combinations with 
other bodies. 

When a piece of wood is heated in a close vessel, such as a 
retort, we obtain water, an acid, several kinds of gas, and 
there remains a black, porous substance, called charcoal. 
The wood is thus decomposed, or destroyed, and its particles 
take a new arrangement, and assume new forms, but that 
nothing is lost is proved by the fact, that if the water, acid, 
gases, and charcoal be collected and weighed, they will be 
found exactly as heavy as the wood was, before distillktion. 

Bones, flesh, or any animal substance, may in the same 
manner be made to assume new forms, without losing a par- 
ticle of the matter which they originally contained. 

The decay of animal, or vegetable bodies in the open air^ 
or in the ground, is only a process by which the particles of 
which they were composed, change their places^ and assume 
new forms. 

The decay, and decomposition of animals and vegetables on 
the surface of the Earth form the soil, which nourishes the 
growth of plants and other vegetables ; and these in their 
turn, form the nutriment of animals. Thus is there a per* 
petual change from death to life, and from life to death, and 
as constant a succession in the forms and places, which the 
particles of matter assume. Nothing is lost, and not a parti- 
cle of matter is struck out of existence. The same matter of 
which every living animal, and every vegetable was formed, 
before and since the flood, is still in existence. As nothing iu 
lost or annihilated, so it is probable that nothing has been 
added, and that we, ourselves, are composed of particles of 

Under what circumstances may the particles of matter again be col- 
lected in their original form ? When bodies suffer decay, are their 
particles lost ? What becomes of the particles of bodies which decay? 
Is it probable that any matter has been annihilated, or added, since the 
first creation? 
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matter ka old as the creatfon. In time, we must in our turn, 
sufier decomposition, as all Tortns have done before us, and 
thus resign the i;riafter of which We are composed, to form 
new ej^stences. 

Inertia, Inertia means pasi^veness, or want of power. 
Thus matter is, of itself, equally incapable of putting itself in 
motioti, or of bringing itself to rest when in motion. 

It is plain that a rock on the surface of the earth, never 
changes its position in respect to other things oh the earth. 
It has of itself no power to move, and would, therefore, for- 
ever lie still, unless moved by some external for<ie. This fact is 
proved by the experience of every person, for we see the same 
objects lying in the same positions all oiir lives. Now it is 
just as true, that inert matter has no power to bring itself to 
rest, when once put in motion, as it is, that it cannot put it- 
self in motion, when at rest, for having no lifb, it is perfectly 
passive, both to motion and rest, and therefore either state de- 
pends entirely upon circumstances. 

Common experience proving that matter does not put itself 
in motion, we might be led to believe, that rest is the natural 
state of all inert bodies, but a few considerations will shew, 
that motion is as much the natural state of matter as rest, and 
that either state depends on the resistance, Ot impulse of ex- 
ternal causes. 

If a cannon ball be rolled upon the ground, it will soon 
cease to move, because th6 ground is rough, and presents im- 
pediments to its motion, but if it be rolled on the iCe, its mo- 
tion will continue much longer, because there are fe\Ver im- 
pediments, and consequently, the same force of itn pulse will 
Carry it much farther. We See from this^ that with the same 
impulse, the distance to which the ball will mov6 tiiust de- 
pend on the impediments it meet^ With, or the resistance it has 
to overcome. But suppose that the ball and iCe were both so 
stnooth as to remove as tnuch as possible the resistance caused 
by friction, then it is obvious thait the ball would continue to 
move longer, and go to a greater distance. Next suppose we 
avoid the friction Of the ice, and throvv the ball through the 
air, it would then continue in motion still longer with the same 

What is said of the particles of matter ctf which we are made ? What 
dees inertia mean ? Is rest or motion the natural state of matter f 
Vfhj does the ball roll farther on the ice than on the ground 1 What 
does this proVe f 

2* 
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force of projection, because the resistance of the air is less 
than that of the ice, and there is nothing to oppose its con- 
stant motion, except the resistance of the air, and its own 
weight, or gravity. 

If the air be exhausted, or pumped out of a vessel by means 
of an air pump, and a common top, with a small, hard point, 
be set in motion in it, the top will continue to spin for hours, 
because the air does not resist its motion. A pendulum, set 
iu motion, in an exhausted vessel, will continue to swing, with- 
out the help of clock work, for a whole day, because there is 
nothing to resist its perpetual motion, but the small friction at 
the point where it is suspended. 

We see, then, that it is the resistance of the air, of friction, 
and of gravity, which cause bodies once in motion i o cease 
moving, or come to rest, and that dead matter of itself, is 
equally incapable of causing its own motion, or its own rest. 

We have perpetual examples of the truth of this doctrine, 
in the moon, and other planets. These vast bodies move 
through spaces which are void of the obstacles of air and fric- 
tion, and their motions are the same that they were thousands 
of years ago, or at the beginning of creation. 

Attraction, By attraction is meant that property, or quality 
in the particles of bodies, which make them tend toward each 
other. 

We know that substances are composed of small atoms, or 
particles, of matter, and that it is a collection of these, united 
together, that forms all the objects with which we are acquaint- 
ed. Now when we come to divide, or separate any substance 
into parts, we do not find that its particles have been united, 
or kept together by glue, little nails, or any such mechanical 
means, but that they cling together by some power, not obvi- 
ous to our senses. This power we call attraction, but of its 
nature or cause, we are entirely ignorant. Experiment and 
observation however, demonstrate, that this power pervades 
all material things, and that under different modifications, it 

Why, with the same force of projection, will a ball move further 
through the air than on the ice P Why will a top spin, or a pendulum 
■wing longer, in an exhausted vessel than in the air f What are the 
causes which resist the perpetual motion of bodies ? Where have we 
an example of continued xAotion, without the existence of air and fric- 
tion f W hat is meant by attraction ? W hat is known about the cause 
of attraction ? Is attraction common to all kinds of matter, or not f 
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act only makes the particles of bodies adhere to each other, 
but is tbe cause which keeps the planets in their orbits as they 
pass through the heavens. 

Attraction has received different names, according to the 
circumstances under which it acts. 

The force which keeps the particles of matter together, to 
form bodies, or masses, is called attraction of coJiesion, That 
which inclines different masses towards each other, is called 
attraction of gravitation. That which causes liquids to rise 
in tubes, is called capillary attraction. That which forces 
the particles of substances of different kinds to unite, is 
known under the name of chemical attraction. That which 
causes the needle to point constantly towards the poles of the 
earth is magnetic attraction ; and that which is excited by 
friction in certain substances, is known by the name of eJec- 
trical attraction. 

The following illustrations, it is hoped, will make each kind 
of attraction distinct and obvious to the mind of the student* 

Attraction of cohesion acts only at very short distances, as 
when the particles of bodies apparently touch each other. 
In some substances it appears to act with much greater force 
than in others. 

Take two pieces of lead, of a round form, an inch, in diame- 
ter, and two inches long ; flatten one end of each, and make 
through it an eye-hole for a string. Make the other enfls of 
each as smooth as possible, by cutting them with a sharp 
knife. If now the smooth surfaces be brought, together, with 
a slight turning pressure, they will adhere with such force 
that two men can hardly pull them apart by the two strings. 

In like manner, two pieces of plate glass, when their surfa- 
ces are cleaned from dust, and they are pressed together, will 
adhere with considerable force. 

This kind of attraction is much stronger in some bodies 
than in others. Thus it is stronger in the metals than in most 
other substances, and in some of the metals it is stronger 
than in others. In general it is most powerful among the 

What effect does this power have upon the planets ? Why has at- 
' traction received different names ? How many kinds of attraction are 
there? How does the attraction of cohesion operate P What is meant 
by attraction of gravitation ? What by capillary attraction ? What by 
chemical attraction f What is that which makes the needle point to- 
wards the pole ? How is electrical attraction excited f Give an ex- 
ample of cohesive attraction. 



16 V l^ROPBHTIBs OF BODIES. 

particles of solid bodies, ^eaker among those of liquids, and 
pfrobably entirely wanting, among elastic fluids, such as air, 
and the gases. 

Thus, a small iron wire will hold a suspended weight of 
many pounds, without having its particles separated ; the par- 
ticles of water are divided by a very small force, while those of 
air, are still more easily moved among each other. These 
different properties depend on the force of cohesion with 
which the several particles of these bodies are tmited. 

When the particles of fluids are lefl to arrange themselves 
according to the laws of theif attraction, the bodies which 
they compose assume the fonti of a globe or ball. 

Drops of water throwtt on an oiled surface or on wax — glo:' 
bules of mercury y— hail stones,-*— a drop of water adhering to 
the end of the finger,-=-tears rUnnitig down the cheeks, and 
dew drops on the leaves of plants, are all examples of this law 
of attraction. The manufacture of shot is also a striking il. 
lustration, 'the lead is melted and poured into a sieve, at the 
height of about two hundred feet from the ground. The 
stream of lead immediately aftet leaving the sieve, separates^ 
into round globules, which before they reach the ground, are 
cooled and become solid, and thus are formed the shot used 
by sportsmen. 

To account for the globular form in all these cases, we 
hitvc only to consider that the particles of matter are mutually 
attracted towards a common centre, and in liquids being free 
to move, they arrange themselves accordingly. 

In all figures expect the globe, or ball, some of the particles 
must be nearer the centre than others. But in a body that is 
perfectly round, every part of the outside is exactly at the 
same distance from the centre. 

Fig. 1. Thus the corners of a cubd, or square, are 

at much greater distances from the centre, 
than the sides, while the circumferehce of 
\ a circle or ball is every where at the same 
\ distance from it. This difference is shown 
j by fig. 1, and it is quite obvious, that if the 
/ particles of msltter are equally attracted to^ 
wards the common centre, and are free to 
arrange themselves, no other figure could 

In whst Bubstancefil is coheflive attraction the strongest? In what 
substances is it weakest? Why are the particles of fluids finore easrl/ 
separated than those of solids? 
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possibly be formed, since then every part of the outside in 
equally attracted. 

The sun, earth, moon, and indeed all the heavenly bodies 
are fllustationsof this law, and therefore were probably in so 
aoH a state when first formed, as to allow their particles freely 
to arrange themselves accordingly. 

Attractwn of gravitation. As the attraction of cohesion- 
unites the particles of matter into masses or bodies, so the 
attraction of gravitation tends to force these masses towards 
each other, to form those of still greater dimensions. The 
term gravitation, does not here strictly refer to the weight of 
bodies, but to the attraction of the masses of matter towards 
each other, whether downwards, upwairds, or horizontally. 

The attraction of gravitation is mutual, since all bodies not 
only attract other bodies, but are themselves attracted. 

Fig. 2.. ^YTo cannon balls, when suspended by longeords, 
so as to hang quite near each other^ are found to 
exert a mutual attraction, so that neither of the 
cords is exactly perpendicular, but they approach 
each other, as in fig. 2. 

In the same manner, the heavenly bodies, 
when they approach each other, are drawn out of 
the line of their paths, or orbits, by mutual at- 
traction. 

The force of attraction increases in proportion 
as bodies approach each other, and by the same 
law it must diminish in proportion as they recede 
j from each other. 

I Attraction, in technical language, is inversely 

X as the squares of the distances between the twot 
V w bodies. That is, in proportion as the square of 
the distance increases, in the same proportion attraction de- 
creases, and so the contrary. Thus if at the distance of 2 
feet, the attraction be equal to 4 pounds, at the distance of 4 

What form do fluids take, when their particles are left to their own 
arrangement? Give examples of this law. How is the globular form 
which liquids assume, accounted for? If the particles of a body are 
free to move, and are equally attracted towards the centre, what must 
be its figure ? VVhy must the figure be a globe? What great natural 
bodies are examples of this law ? What is meant by attraction of gra- 
vitation ? Can one body attract another without bemg itself attracted? 
How is it proved thi^t bodies attract each other? By what law, or rule, 
does tlie force of attraction increase ? 
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feet, it will be only 1 pouod; for the square of 2 i»4, and the. 
square of 4 is 16, which is 4 times the square of 2*. Oa the 
contrary, if the attraction at the distance of 6 feet be 3<pounds, 
at the distance of 2 feet it will be times as much, or 27 
pounds, because 36, the square of 6, ia equal to 9 times 4, 
the square of 2. / 

The intensity of light is found to increase and diminish in 
the same pvoportion. Thus, if a boasd a foot square, be pla- 
ced at the distance of one foot from a candle, it will be found 
to hide the light from another board of two feet square, at the 
distance of two feet from the candle. Now a board ef two 
feet square is just four times as large as one of one foot square, 
and therefore the light at double the distance being spread 
aver 4 times the surface, has only one fourth the intensity. 

^^S' 3. This experiment 

may be easily tried 
or may be readily 
understood by fig. 
3, where c repre- 
sents the candle, A 
the smal^ bo^rd, 
and B the large one ; B being four times the size of A. 

The force of the attraction of gravitatiou, is in proportion 
to the quantity of matter the attracting body contains. 

Some bodies of the same bulk contain a much greater quan. 
tity of matter than others : thus a piece of lead contains about 
twelve times as much matter as a piece of cork of the same 
dimensions, and therefore a piece of lead of any given size, 
and a piece of cork twelve times as large, will attract each 
other equally. 

Capillary Attraction, The force by which small tubes, or 
porous substances, raise liquids above their levels, is called 
capillary attraction. 

If a small glass tube be placed in water, the water on the 
inside will be raised above the level of that on the outside of 

Give an example of this rule. How is it shown that the intensity of 
light increases and dlQilnishes in the same proportion as the attraction 
of matter? Do bodies attract, in proportion to bulk, or quantity of 
matter? What would be the difference of attraction between a cubic 
inch of lead, and a cubic inch of cork? Why would there be so much 
difference? What is meant by capillary attraction? How is this kind 
of attraction Ulustri^ted with a glass tube ? 
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the tube. The'Caase of this s^ems to be nothing more than 
the ordinary attraction of the particles of matter for each other. 
The sides of d small orifice are so neadr each other, as to at. 
tract the particles of the fluid on their opposite sides, and as 
ail attraction is strongest in the dtrdction of the greatest 
quantity of matter, the water is raised upwards, or in the di- 
rection of the length of the tube. On the outside of the tube, 
the opposite surfaces, it is obvious, ^cannot 'act on the same 
Column of wa^er, and therefore the influence of attraction is 
here hardly ^perceptible in raising the fluid. This seems to 
be the reason why the fluid rises higher on the inside than on 
'the outside * of ihe tube. 

A great variety of porous "substances are capable of this kind 
of attraction. If a piece of sponge, or a lump of -sugar be 
placed, so that its lowest comer touches the water, the fluid 
will rise up and wet the whole mass* In the satne manner, 
the wick of a lamp will carry up the oil to supply the flame, 
though the flame is several inches above the level of the oil. 
If the end ofa towel happen^ to be lefl in a basin of water, it 
will empty the basin of its contents. And on the same princi- 
ple, when a dry wedge of wood is driven into the Crevice of a 
rock, and afterwards moistened with water, as when the rain 
falls opon'it, it will absorb the water, swell, and sometimes 
split the rock. In Germany, milUstone quarries are worked 
in this manner. 

Cfiemieal attraetion tekea place between the particles of 
substances of diflferent kinds, and unites them into one com- 
pound. 

This species of attraction takes place only between the 
particles of certain substances, and is not, therefore, a uni- 
versal property. It is also known under the name of chemical 
affinity y because it is said, that the particles of substances 
having an aflinity between them, will unite, while those hav- 
ing no'affiiiity 'for each other do not readily enter into union. 

There seem, indeed, in this respect, to be very singular, pre- 
ferences, and dislikes, existing among the particles of matter. 
Thus, if a pi^ce of marble be thrown into sulphuric acid, 
their. particles will unite with great rapidity, and commotion. 

Why does the water rise higher ia the tube, than it does on the out- 
side ? Give some common iUustrations of this.principle. What is ihe 
effect of chemical attraction ? By what other name is this kind of at- 
traction known ? What effect is produced when marble and sulphuric 
acid are brought together ? 
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and there reiulte a compound difieriog in all respecW firom 
the acid or the marble. But if a piece of glass, quartz, gold, 
or silver, be thrown into the acid, no change is produced on 
either, because these particles have no alfinity. 

Sulphur and quicksilver, when heated together, will form a 
beautiful red compound, known under the name of vermUion, 
and which has none ofthe qualities of sulphur, or quicksilver. 

Oil and water, h^ve no affinity for each other, but potash 
has an attraction for both, and therefore oil and water will 
unite, when potash is mixed with them. In this manner, the 
well known article called soap is formed*. But the potash has 
a stronger attraction for an acid than it has for either the oil 
or the water ; and therefore when soap is mixed with an acid, 
the potash leaves ^the oil, and unites with the acid, thus de- 
stroying the old compi>und, and at the same instant forming a 
inew one. The same happens when soap is dissolved in any 
water containingan acid, as the water of the sea and of cer- 
tain wells. The .potash leaves the oil, and unites with the 
acid, thus leaving the oil to rise to the surface of the water. 
Such waters are' called hard, and will not wash, because the 
acid renders the potash a neutral substance. 

Magnetic AUraction. There is a certain ore of iron, a 
piece of which, being suspended by a thread, will always 
turn <»i6 of its sides to the north. This is called the load- 
stone, or Tuxturdl Magnet, and' when it is brought near a piece 
of iron, or steel, a mutual attraction takes place, and under 
certain circumstances, the two bodies will come together and 
adhere to each other. This is called Magnetic Attraction* 
When a piece of steel or iron is rubbed with a Magnet, the 
same virtue is communicated to the steel, and it wUl attract 
other pieces of uteel, and if suspended by a string, one of its 
ends will constantly point towards the north, while the other 
of course, points towards the south. This is called an artificial 
Magnet. The magnetic needle is a piece of steel, first touched 
with the loadstooe, and then suspended, so as to turn easily 

What is the effect when glass and this a«id are brought together ? 
What is the reason of this difference ^ How may oil and water be made 
to unite ? What is' the composition thus formed called ? How does an 
acid destroy this compound f What is the reason that hard water will 
not wash? What is a natural magnet P What is meant by magnetic 
attraction ? W hat is an artificial magnet f What is a magnetic needle ' 
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on a point. By means of this instrument, the mariner guides 
his ship through the pathless ocean. See Magnetism, 

Electrical Attraction. When a piece of glass, or sealing 
wax is rubbed with the dry hand, or a piece of cloth, and then 
held towards any light substance, such as hair, or thread, 
the light body will be attracted by it, and will adhere for a 
moment to the glass or wax. The influence which thus 
moves the light body is called Electrical Attraction, When 
' the light body has adhered to the surface of the glass for a' 
moment, it is again thrown off, or repelled, and this is called 
Electrical Repulsum, See Electricity, 

We have thus described and illustrated all the universal, or 
inherent properties of bodies, and have also noticed the 
several kinds of attraction which are peculiar, namely. Chem- 
ical, Magnetic, and Electrical. There are still several 
properties to be mentioned. Some c^ them belong to certain 
bodies in a peculiar degree, while other bodies possess them 
but slightly. Others belong exclusively to certain substances, 
and not at all to others. These properties are as follows. 

Density, This property relates to the compactness of 
bodies, or the number of particles which a body contains 
within a given bulk. It is closeness of texture. Bodies 
which are most dense, are those which contain the least 
number of pores. Hence the density of the metals is much 
greater than the density of wood. Two bodies being of equal 
bulky that which weighs most, is most dense. Some of the 
metals may have this quality increased by hammering, by 
which their pores are filled up and their particles are brought 
nearer to each other. The density of air is increased by 
forcing more into a close'vessel than it naturally contained* 

Rarity^ This is the quality opposite to density, and means 
that the substance to which it is applied is porous, and light. 
Thus air, water, and ether, are rare substances, while gold, 
lead, and platina are dense bodies. 

Hardness, This property is not in proportion, as nlight 
be expected, to the density of the substance, but to the force 
with which the particles of a body cohere, or keep their 

What is ItB use ? What is meant by electrical "attraction ? What 
is electrical repulsion ? What is density ? What bodies are most 
dense ? How may this quality be increased in the metals ? What is 
rari^ ? What are rare bodies? What are dense bodies? How does 
hardness differ from density ? 

3 
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places. Glass, for instance, will scratch gold or plathia, 
though these metals are much more dense than glass. It is 
probable, therefore, that these metals contain the greatest 
number of particles, but that those of the glass are more firm- 
ly fixed in their places. 

Some of the metals can be made hard or sofl at pleasure. 
Thus steel when heated, and then suddenly cooled, becomes 
harder than glass, while if allowed to cool slowly, it is soft 
and flexible. 

Elasticity is^ that property in bodies by which afler being 
forcibly compressed or bent, they regain their original state 
when the force is removed. 

Some substances are highly elastic, while others want this 
property entirely. The separation of two bodies afler impact, 
or striking together, is a proof that one or both are elastic. 
In general, roost hard and dense bodies, possess this quality 
in greater or less degree. Ivory, glass, niarble, flint, and ice 
are elastic solids. An ivory ball, dropped upon a mi^ble 
slab, will bound nearly to the height frqm which it fell, and 
no mark will be left on either. India rubber is exceedingly 
elastic, and on being thrown forcibly against a hard body, 
will bound to an amazing distance. 

Putty, dough, and wet clay, are examples of the entire 
want of elasticity, and if either of these be thrown against 
an impediment, they will be flattened, stick to the place they 
touch, and never like elastic bodies, regain their -former 
shapes. 

Among fluids, water, oil, and in general all such substan- 
ces as are denominated liquids, are nearly inelastic, while air 
and the gaseous fluids, are the most elastic of all bodies. 

BriUleness is the property which renders substances easily 
broken, or separated into irregular fragments. This property 
belongs chiefly to hard bodies. 

It does not appear that brittleness is entirely opposed to 
elasticity, since in many sd^staoces, both these properties are 
united. Glass is the standi, or type of brittleness, and yet 

Why will glass scratch gold or platina ? What metal can be made 
hard or soil at pleasure? What is meant by elasticity? How is it 
known that bodies possess this property? Mention several elastic 
solids. Give examples of inelastic solids. Do liquids possess this 
property? What are the most elastic of all substances? What is 
brittleness ? Are brittleness and elasticity ever found in the same 
substance ? Give examples. 
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a ball, OT fine threads of this substance are highly elastic, as 
may be seen by the bounding of the one, and the springing 
of the other. Brittleness often results from the treatment to 
which substances are submitted. Iron, steel, brass, and 
copper, become brittle when heated and suddenly cooled, but 
if cooled slowly, they are not easily broken. 

MaUeaMLUy. Capability of being drawn under the ham- 
mer, or rolling press. This property belongs to some of the 
metals, but not to all, and is of vast importance to the arts 
and conveniences of life. 

The Malleable metals are, gold, silver, iron, Copper and 
some others. Antimony, bismuth, and cobalt are brittle 
metals. Brittleness is therefore the opposite of malleability. 

Gold is the most malleable of all substances. It may be 
drawn under the hammer so thin that light may be seen 
through it. Copper and silver iare also exceedingly malle- 
able. 

Ductility, is that property in substances which renders 
them susceptible of being drawn into wire. 

We should expect that the most malleable metals would 
also be the most ductile ; but experiment proves that this is 
not the case. Thus tin and lead may be drawn into thin 
leaves, but cannot be drawn into small wire. Gold is the 
most malleable of all the metals, but platina is the most due- 
tile. Dr* Wollaston drew platina into threads not much 
larger than a spider's web. 

Tenacity, in common language called toughness, refers to 
the force of cohesion among the particles of bodies. T(pia- 
cious bodies are not easily pulled apart. There is a remark- 
able difference in the tenacity of different substances. Some 
possess this property in a surprising degree, while others are 
torn asunder by the smallest force. 

Among the malleable metals, iron and steel are the most 
tenacious, while lead is the least so. Steel is by far the most 
tenacious *of all known substances. A wire of this metal 
no larger than the hundreth part of an inch 'm diameter 
sustained a weight of 134 pounds, while a wire of platina of 

Hoj7 are iron, steel and brass, made brittle? What does malleability 
mean ? What metals are malleable, and what ones are brittle? Which 
is the most malleable metal? What is meant by ductility? Are the 
most malleable metals, the most dactile ? What is meant by tenacity? 
From what does this property arise ? What metals are most tena« 
Clous/ 
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the same size, would sustain a weight of only 16 pounds, and 
one of lead only 2 pounds. Steel wire will sustain 39,000 
feet of its own length without breaking. 

Recapitulatum. The common, or essential properties of 
bodies are Impenetrability, Extension, Figure, Divisibility, 
Inertia, and Attraction. Attraction is of several kinds, 
namely, attraction of cohesion, attraction of gravitation, ca- 
pillary attraction, chemical attraction, magnetic attraction, 
and electrical attraction. ' 

The peculiar properties of bodies are density, rarity, hard- 
ness, elasticity, brittleness, malleability, ductlity and tena- 
city. 

Force of Gnwity. 

The force by which bodies are drawn towards each other 
in the mass, and by which they descend towards the earth 
when let fall from a height, is called the force of gravity. 

The attraction which the earth exerts on all bodies near its 
surface, is called terrestrial gramty, and the force with which 
any substance is drawn downwards, is called its weight. 

All falling bodies tend towards the centre of the earth, in a 
straight line from the point where they are let fall. If then a 
body be let fall in any part of the world, the line of its direc- 
tion will be perpendicular to the earth's surface. It follows, 
therefore, that two falling bodies, oa opposite parts of the 
earth, mutually fall towards each other. 

Suppose a cannon ball to be disengaged from a height op- 
posite to us, on the other side of the earth, its motion in respect 
to ML would be upward, while the downward motion from 
whCTe we stand, would be upward in respect to those who 
stand opposite to us, on the other side of the earth. 

In like manner, if the falling body be a quarter, instead of 
half the distance round the earth from us, its line of direction 
would be directly across, or at right angles with th^ line al- 
ready supposed. 

What proportion does the tenacity of steel bear to that of platina 
and lead? What are the essential properties of bodies? How many 
kinds of attraction are there ? What are the peculiar properties of 
bodiA? What is gravity? What is terrestrial gravity? To what 
point in the earth do falling bodies tend ? In what direction wiU two 
falling bodies from opposite parts of the earth tend, in respect to each 
otlfer ? In what direction will one from half way between them meet 
their ime ? 
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This will he readily under- 
stood by fig. 4, where the 
circle is supposed to be the 
circumference of the earth, 
a, the ball falling towards its 
upper surface, where we 
stand; 6, a ball falling to- 
wards the opposite side of the 
^^ earth, but ascending in res. 
pect to us, and dy a ball de- 
scending at the distance of a 
quarter of the circle, from 
the other two, and crossing 
the line of their direction at 
right angles. 

It will be obvious, there. 
fore, that what we call up and 
down are merely relative terms, and that what is down in re- 
spect to us, is up in respect to those who live on the opposite 
side of the earth, and so the contrary. Consequently doion, 
every where means towards the centre of the earth, and 
up from the centre of the earth; because all bodies de- 
scend towards the earth's centre, from whatever part they are 
let fall This will be apparent, when we consider, that as the 
earth turns over every 24 hours, we are carried with it through 
the points a, d, and b, fig. 4 ; and therefore, if a ball is sup- 
posed to fall from the point a, say at 12 o'clock, and the same 
ball to fall again from the same point above the earth, at 6 
o'clock, the two lines of direction will be at right angles, as rep- 
resented in the figure, for that part of the earth which was under 
a at 12 o'clock, will be under «i at 6 o'clock, the earth having in 
that time performed one quarter of its daily revolution. At 1 2 
o'clock at night, if the ball be supposed to fall again, its line « 
of direction will be at right angles vrith that of its last decent, 
and consequently it will ascend in respect to the point on which 
it fell 1*2 hours before, because the earth would have then 

How is this shown by the figure ? Are the terms up and rfoM»n Rela- 
tive, or positive, in their meaning? AVJiat is understood by down in 
any part of the earth ? Suppose a ball be let fall at 12 and then at 6 
o^clock, in what direction would tlie lines of their descent meet each 
other?* Suppose two balls to descend from opposite sides of the earth, 
what woald be their direction in respect-to each other i' 
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gone through one half her daily rotation, and the point d 
would be at b. 

The velocity or rapidity of every falling body, is uniformly 
accelerated, or increased in its approach towards the earth, 
from whatever height it falls. 

If a rock is rolled from a steep mountain, its motion is at 
first slow and gentle, but as it proceeds downward, it moves 
with perpetually increased velocity, seeAiing to gather fresh 
speed every moment, until its force is such that every obstacle 
is overcome ; trees and rocks are beat from its path, and its 
motion does not cease until it has rolled to a great distance on 
the plain. 

The same principle of increased velocity as bodies descend 
from a height, is curiously illustrated by pouring molasses 
or thick syrup from an elevation to the ground. The bulky 
stream, of perhaps two inches in diameter, where it leaves the 
vessel, as it descends, is reduced to the size of a straw, or 
knitting needle ; but what it wants in bulk is made up in ve- 
locity, for the small stream at the ground, will fill a vessel 
just as soon as the large one at the outlets 

For the same reason, a man may leap from a chair without 
danger, but if he jumps from the house top, his velocity be- 
comes so much increased, before lie reaches the ground, as 
to endanger his life by the blow. 

It is found by experiment, that the motion of a falling body 
is increased, or accelerated in regular mathematical propor- 
tions. 

These increased proportions do not depend on the increased 
weight of the body, because it approaches nearer the centre of 
the earth, but on the constant operation of the force of gravi- 
ty, which perpetually gives new impulses to the falling body, 
and increases its velocity. 

It has been ascertained by experiment, that a body, falling 
freely, and without resistance, passes through a space of 16 
feet and 1 inch during the first second of time. Leaving out 
the inch, which is not necessary for our present purpose, the 
ratio of descent is as follows. 

Suppose the body falls through a space equal to 16 feet the 

What is said concerning the motions of falling bodies ^ How is this 
increased velocity illustrated ? W liy is there any more danger in jump- 
ing from the house top than from a chair? What number of feet does 
a falling body pass through during the first second f 
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first second of time ; at the end of this space and time, it will 
have acquired such a degree of celerity as is sufficient to carry 
it through twice this space during the next second, though it 
shouJd then receive no new impulse from the cause by which 
its motion had been accelerated ; but if the same accelerating 
cause continue, it will carry the body 16 feet furtlier; on 
which account, it will have fallen in all fdur times 16 feet, or 
64 feet at the end of the second secpnd ; and then it will have 
acquired such a degree of celerity as is sufficient to carry it 
through a double space in as much more time ; that is 4 times 
16 feet in one second more, even though the force of gravity, 
or the accelerating force should cease to act. But this force 
still continuing to act in a uniform manner, it will again in 
equal time produce an equal effect, and will therefore add 16 
feet to the velocity already acquired, at the end of the second 
second, which being 64 feet, it will fall 80 feet, or five times 
as far the third second, as it did the first. In three seconds, 
the velocity acquired will be 3 times that acquired at the end 
of the first second, which being twice 16 feet, is equal to 6 
times 16 feet, to which, again, i^ to be added the accelerating 
force 16 feet, making 7 times 16 feet for the space passed 
through during the fourth second. 

H^nce we learn that if a body moves at the rate of 16 feet 
during the first second, it will move 48 feet during the next 
second, making in afl 64 feet at the end of the second second, 
5 times 16 during the third, or 80 feet, and 7 times 16, or 112 
feet in the 4th second, and so on in this proportion. 

Thus it appears, that to ascertain the velocity with which a 
body falls in any given time, we must know how many feet it 
fell during the first second. The velocity acquired in one 
second, and the space fallen through during that time being 
the fundamental elements of the whole calculation, and all 
that are necessary for the computation of the various circum-' 
stances of falling bodiesi 

The difficulty of calculating exactly the velocity of a falling 
body from an actual measurement of its height, and the time 

How far does it fall during the next second ? How far during the 
third? Suppose the accelerating force should cease at the beginning of 
the third second ; how far would it fall during that second ? Why does 
it fall more than this during that second ? How many times 16 feet 
does a body move in the 4th second ? What are the fundamental ele- 
ments by which the velocity of a falling body may be computed ? 
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which it takes to reach the ground, is so gteat, thiat no aceu& 
rate computation could be made from such an experiment. 

This difficulty has, however, been overcome by a curious 
piece of machinery, invented for this purpose by Mr. Atwood. 



Fig. 5. 
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This machine consists of two , 
upright posts of wood, fig. 5, with 
cross piecos, aS shewn in the fig- 
ure* The weights A and By are 
of the same size, and made to ha- 
lance each other very exactly, 
and are connected by the thread 
which passes over the wheel C. 
P is a ring through which the 
weight A passes, and 6r is a stage 
on which the weight rests in its 
descent. The ring and stage 
both slide up and down, and are 
fixed at pleasure by thumb 
screws. The post H, /, is a 
graduated scale, and the pendu- 
lum if, is kept in motion by clbck- 
work. L, is a small bar of met- 
al, weighing a quarter of an 
ounce, and longer than the di- 
ameter of the ring jF. 

When the machine is to be 
used, the weight is drawn up to 
the top of the scale, and the ring 
and stage are placed a certain 
numberof inches from each othen 
The small bar L, is then placed 
across the weight A, by means of 
which it is made slowly to descend. When it has descended 
to the ring, the small weight L, is taken off by the ring, and 
thus the two weights are lefl equal to each other. Now it 
must be observed, that the motion, and descent of the weight 
A is entirely owing to the gravitating force of the weigiit L, 
until it arrives at the ring JP, when the action of gravity is sus^ 
pended, and the large weight continues to move downwards 

Is the velocity of a falling body calcalated from actual measurement, 
or by a machine ? Describe the operation of Mr. Atwood's machine 
for estimating the velocities of falling bodies. 
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to the stage, in consequence of the velocity it had acquired 
previously to that time. 

To comprehend the accuracy of this machine, it must he 
understood that the velocities of gravitating bodies are sup- 
posed to be equal, whether they are large or small, this being 
the case when no calculation is made for the resistance of the 
air. Consequently, the weight of a quarter of an ounce placed 
on the large weight A, is a representative of all other solid 
descending bodies. The slowness of its descent, when com- 
pared with freely gravitating bodies, is only a convenience by 
which its motion can be accurately measured, for it. is the 
incretzse of velocity which the machine is designed to ascer- 
tain, and not the actwd velocity of falling bodies. 

Now it will be readily comprehended, that in this respect, 
it makes no difference how slowly a body falls, provided it 
follows the same laics as other descending bodies, and it has 
already been stated, that all estimates on this subject are made 
from the known distance a body descends during the first 
second of time. 

It follows, therefore, that if it can be ascertained, exactly 
how much faster a body falls during the third, fourth, or fifth 
second, than it did during the first second, by knowing 
how far it fell during the first second, we should be able to 
estimate the distance it would fall during all succeeding 
seconds. 

If, then, by means of a pendulum beating seconds, the 
weight A should be found to descend a certain number of 
inches during the first second, and another certain number 
during the next second, and so on, the ratio of increased de- 
scent would be precisely ascertained, and could be easily ap- 
plied to the falling of other bodies ; and this is the use to which 
this instrument is applied. 

By this machine, it can also be ascertained, how much the 
actual velocity of a falling body depends on the force of gravis 
ty, and how much on acquired velocity, for the force of gravity 
gives motion to the descending weight only until it arrives at 

After the small weight is taken off by the ring, why does the large 
weight continue to descend ^ Does this machine shew the actual velo- 
city of a falling body, or only its increase ? How does Mr. Atwood's 
machine show, how much the celerity of a body depends upon gravity, 
and how much on acquired velocity ? 
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the ring, afier which the motion is continued by the velocity 
it had before acquired. 

From experiments accurately made with this machine, it has 
been folly established, that if the time of a falling body be di- 
vided into equal parts, slay into seconds, the spaces through 
which it falls in each second, taken separately, will be as the 
odd numbers^ Ij 3j ^j 7, 9, and so on, as already stated. To 
make this plain, suppose the times occupied by the falling body 
to be 1, 2, 3, Bnd 4 seconds ; then the spaces fallen through 
will be as the squares of these seconds, or times, viz. 1, 4, 9, 
and 16, the square of 1 being 1, the square of 2 being 4, the 
square of 3, 9, and so on. The distance fallen through, there- 
fore, during the second second, may be found, by taking 1, 
the distance corresponding to one second, from 4, the distance 
corresponding to 2 seconds, and is therefore 3^ For the 3d 
second, take 4 from 9, and therefore the distance will be 5. 
For the fourth second, take 9 from 16, and the distance will 
be 7, and so on. During the first second, then, the body falls 
a certain distance, during the next second, it falls three times 
that distance, during the third, five times that distance, during 
the fourth, seven times that distance, and so continually in 
that proportion. 

It will be readily conceived, that solid bodies falling firom 
great heights, must ultimately acquire an amazing velocity 
by this proportion of increase. An ounce ball of lead, let 
fall Tfom a certain height towards the earth, would thu» 
acquire a force ten or twenty times as great as when shot 
out of a rifle. By actual calculation, it has been found that 
were the moon to lose her projectile force, which counter- 
balances the earth's attraction, she would fall to the earth 
in four days and twenty hours, a distance of 240,000 miles. 
And were the earth's projectile force destroyed, it would fall 
to the sun in sixty-four days and ten hours, a distance of 
. 95,000,000 of miles. 

Every one knows by his own experience the different 

Suppose the times of a falling body are as the numbed 1, 2, 3, 4, what 
will be the numbers representing the spaces through which it falls ? 
Suppose a body falls 16 feet the first second, hnw far will it fall the 
third second ? Would it be possible for a rifle ball to acquire a greater 
force by falling, than if shot from a rifle ? How long would it take the 
Moon to come to the earth, according to the Jaw of increased velocity? 
How long would it take the earth to fall to the sun? 
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effects of the same body falling from a great or a small 
height. A boy will toss up his leaden bullet and catch it 
with his hand, but he soon learns by its painful effects, not to 
throw it too high. The effects of hail-stones on 'window 
glass, animals, and vegetation, are often surprising, and 
sometimes calamitous illustrations of the velocity of falling 
bodies. 

It has been already stated that the velocities of solid bodies 
falling from a given height, towards the earth are equal, or in 
other words, that an ounce ball of lead will descend in the 
same time as a pound hall of* lead. 

This is true in theory, but there is a slight difference Li 
this respect in favor of the velocity of the larger body, owing 
to the resistance of the atmosphere. We, however, shall at 
prescDt consider all solids of whatever size, as descending 
through the same spaces in the same times, this being exactly 
true when they pass without resistance. 

To comprehend the reason of this we have only to con- 
sider, that the attraction of gravitation in acting on a mass 
of matter acts on every particle it contains. This being 
true» every particle is dniwn down equally and with the same 
force. The effect of gravity therefore, is in exact proportion 
to the quantity of matter the mass contains, and not in propor- 
tion tq its hulk. A ball of lead of a foot in diameter, and 
one of wood of the same diameter are obviously of the same 
bulk ; but the lead will contain twelve particles of matter 
where the wood contains one, and consequently will be 
attracted with twelve times the force, and therefore will 
ureigh twelve times as much. 

If then, bodies attract each other in proportion to the 
quantities of matter they contain, it follows that if the mass 
of the earth were doubled, the weights of all bodies on its 
surface would also be doubled ; and if its quantity of matter 
were tripled, all bodies would weigh three times as much as 
they do at present. 

It followis also, that two attracting bodies, when free to 
move, must approach each other mutually. If the two bodies 

What familiar illustrations are given of the force acquired by th© ve- 
locity of falling bodies ? Will a small and a large body fall through 
the same space in the same time ? On what parts of a mass of matter 
does the force of gravity act ? Is the effect of gravity in proportion tb 
bulk, or quantity of matter ? Were the mass of the earth doubled, 
how much more should we weigh than we do now f 
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contain like quantities of matter, their approach will be 
equally rapid, and they will move equal distances towards 
each other. But if the one be small and the other large, the 
small one will approach the other with a rapidity proportioned 
to the less quantity of matter it contains. 

It is easy to conceive, that if a man in one boat pulls at a 
rope attached to another boat, the two boats, if of the same 
size, will move towards each other at the same rate ; but if 
the one be large and the other small, the rapidity with which 
each moves will be in proportion to its size, the large one 
moving with as much less velocity as its size is greater. 

A man in a boat pulling a rope attached to a ship, seems' 
only to move the boat, but that he really moves the ship will 
be obvious when it is considered, that a thousand boats pull- 
ing in the same manner would make the ship meet them half 
way. 

It appears, therefore, that eqwd forces acting on bodies 
containing different ' quantities of matter, move them with 
different velocities, and that these velocities are in inverse 
proportion to their quantities of matter. 

In respect to equal forces;^ it is obvious that in the case 
of the ship and single boat, they were moved towards each 
other by the same force, that is, the force of a man pulling by 
a rope. The prihci^le holds in respect to attraction, for all 
bodies attract each other equally, according to the quantities 
of matter they contain, and since all attraction is mutual, no 
bbdy attracts another with a greater force than that by which 
it is attracted. 

Suppose a body to be placed at a distance from the earth 
weighing two hundred pounds ; the earth would then attract 
the body with a force equal to two hundred pounds, and the 
body would attract the earth with an equal force, otherwise 
their attraction would not be equal and mutual. Another body 
weighing 10 pounds, would be attracted with a force equal 
to 10 pounds, and so of all bodies according to the quantity of 

Suppose one body moTing towards another, three times as large, by 
the force of gravity, what *vvou Id be their proportional velocities ? How 
is this illustrated ? Does a large body attract a small one with any 
more force than it is attracted ? Suppose a body weighing 200 pounds 
to be placed at a distance from the earth, with how much force does 
the earth attract the body ? With what force does the body attract 
the earth? 
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matter they contain ; each body being attrSeCted by the earth 
with a force equal to its own weight, and attracting the earth 
with an equal force. 

If the man in the boat pulled the rope with the force of 
100 pounds, it is plain that the force on each vessel would 
be lOiO pounds ; for suppose each end of the rope to be thrown 
over a pulley, and a weight of 50 pounds attached to these 
ends, it would take just 100 pounds in the middle of the rope 
to beiance them* 

It is plain from these principles, that aU attracting bodies 
which are free to move, mutually approach each other, and 
therefore that the earth moves towards every body which is 
raised firom its surface, with a velocity and to a distance pro- 
portional to the quantity of matter thus elevated from its 
surface. But the velocity of the earth being as many times 
less than that of the falling body as its mass is greater, it fol- 
lows that its motion is not perceptible to us. 

The following calculation will shew how immense a mass 
of matter it would take, to disturb the earth's gravity in a per- 
ceptible manner. 

If a ball of earth equal in diameter to the tenth part of a 
mile, were placed at the distance of the tenth part of a mile 
from the earth's surface, the attracting powers of the two 
bodies would be in the ratio of about 512 millions of millions 
to one. For the earth's diamet^ being about 8000 miles, 
the two bodies would bear to each other about this proportion. 
Consequently if the tenth part of a mile were divided into 
512 million of millions of equal parts, one of these parts 
would be nearly the space through which the earth would 
move towards the falling body. Now in the tenth part of a 
mile there are about 6fiM) inches, consequently this number 
must be divided into 512 millions of millions of parts, which 
would give the ei|^y thousand millionth part of an inch 
through which the earth would move to meet a body of the 
tenth part of a mile in diameter. 

Sttp^OM a man in one boat, poUa with the force of ]00 pounds at a 
rope fastened to another boat, what would be the force on each boat? 
How IB this illustrated ? Suppose the body falls towards the earth, is 
the earth set in motion by its attraction ? Why is not the earth's mo- 
tion towards it perceptible ? What distance would a body, the tenth 
part of a mile in diameter, placed at the distance of a tenth part of a 
xpile, attract the earth towardsii f 
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ABcentof Bodies. 
Having now explained and illustrated the influence of 
gravity on bodies moving downward and horizontallyy it 
remains to show how matter is influenced by the same power 
when bodies are moving upward, or contrary to the force of 
gravity. 

What has been stated in respect to the velocity of falling 
bodies is exactly reversed in respect to those which are 
Fig. 6 thrown upwards, for as the motion of a falling body 
d is increased by the action of gravity, so is it retard- 
ed by the same force, when thrown upwards. 

A bullet shot upwards, every instant loses a part 
of its velocity^ until having arrived at the highest point, 
it there rests an instant, and then returns again to the 
earth. 

The same law that governs a descending body, 
governs an ascending one, only that their motions are 
reversed. 

The same ratio is observed to whatever distance the 
ball is propelled, for as the height to which it is thrown 
may be estimated from the space it passes through 
during the first second, so its returning velocity ia in 
a like ratio to the height to which it was sent 

This will be understood by fig. 6. Suppose a 
ball to be propelled from the point a, with a force 
which would carry it to the point h in the first second, 
to c in the next, and to d in the third second. It 
would then remain nearly stationary for an instant, and 
in returning, would fall through exactly the same 
spaces in the same times, only that its direction would 
be reversed. Thus it will fall from d to c, in the first 
second, to h in the next, and to a in the third. 

Now the force of a moving body is as its velocity 
and its quantity of matter, and hence the same ball 
will fall with exactly the same force that it rises. For 
instance, a ball shot out of a rifle, with a force sufli- 
cient to overcome a certain impediment, on returning, 
would again overcome the same impediment. 
OblA 

What effect does the force of gravity have on bodies moving upward? 
Are upward and downward motion governed by the same laws ? Ex- 
plain fig. 6. What is the difference between the upward and return- 
ing velocity of the same body ? 
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FdUof Light Bodies. 

it has been stated that the earth's attraction acts equally 
on all bodies containing equal quantities of matter, and that 
in vacuo, all bodies, whether large or small, descend from 
the same heights in the same times. 

There is however, a great difference in the quantities of 
matter which bodies of the same bulk contain, and conse- 
quently a difference, in the resistance which they meet with 
in passing through the air. 

Now the fall of a body containing a large quantity of matter 
in a small bulk, meets with little comparative resistance, while 
the fall of another, containing the same quantity of matter, 
bat of larger size, meets with more in comparison, for it is 
easy to see that two bodies of the same size meet with 
exactly the same actual resistance. Thus, if we let fall a 
ball of lead and another of cork, of two inches in diameter 
each, the lead will reach the ground before the cork, because, 
though meeting with the same resistance, the lead has the 
greatest power of overcoming it. 

This however does not affect the truth of the general law 
already established, that the weights of bodies are as the 
quantities of matter they contain. It only shews that the 
pressure of the atmosphere, prevents bulky and porous sub« 
stances from falling with the same velocity with such as are 
compact or dense* 

Were the atmosphere removed, All bbdies. Whether light or 
heavy^ large or stnall, Would descend with the same velocity. 
This fact has been ascertained by experiment in the following 
manner. 

The air pump is an instrument, by means of which, the 
air can be pumped out of a close vessel, as will be seen un- 
der the article Pneumatics. Taking this for granted, at 
present, the experiment is made in the following manner. 

'Why will not a sack of feathers and a stone of the same size fall 
through the air in the same time f Does this affect the truth of the 
general law that the weights of bodies are as their quantities of mat- 
ter ? What would be the effect on the fall of light and heavy bodies, 
were the atmosphere removed ? 
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On the plate of the air pump A, place 
the tall jar B, which is open at the bottom, 
and has a brass cover fitted closely to the 
top. Through the coTer let a wire pass, air 
tight, haying a small cross at the lower end. 
(hi each side of this cross, place a little 
stage, and so contrive them that by turning 
Ae wire by the handle C, these stages eAiall 
be upset. On one of the stages place a 
guinea or any other heavy body, and on the 
other place a feather. When this is arran- 
ged, let the air be exhausted from the jar 
by the pump, and then turn the handle C, so 
that the guinea and feather may fall ftom 
their places, and it will be found that they 
will both strike the plat6 at the same in- 
stant. ThU9 isr it demonstrated, that were 
it net for the resistance of the atmosphere, 
a bag of feathem and one of guine^as would 
fall from a given height witii the same ve- 
)k>efty and in the same time. 



Motion. 

Motion maybe defined, a continued change of situation 
with regard to a fixed point. 

Without motion there would be no rising or setting of the 
sun — ^no change of seasons-— no fall of rain — no building of 
houses, and &ially no animal life. Nothing can be done 
without motion, and therefore without it, the whole universe 
would be at rest and dead. . 

In the language of philosophy, the power which puts a body 
in. motion, is called force. Thus it is the force of gravity 
that overcomes the inertia of bodies, and draws them towards 
the earth. The force of water and steam gives motion to 
machinery, &c. 

For the sake of convenience, and accuracy in the applica* 
tion of terms, motion is divided into two kinds, viz. ahsolute 
and relative. 

How is it proved that a feather and a guinea will fall through equal 
spaces in the same time, where there is no resistance ? How will you 
define motion f What would be the consequence, were all motion to 
cease f What is that poWer called which puts a body in motion f How 
is motion divided f 
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Absolute faiotion is a change of place with regard to a fixed 
point, and is estimated without reference to the motion of any 
other body. When a man tides along the street, or when a 
vessel sails through the water, they are both in absolute 
motion. 

Relative motion^ is a change of place in a body^ with re- 
spect to another body, also in motion, and is estimated from 
that other body^ exactly as absolute motion isj from a fixed 
point. 

The absolute velocity of the earth in its orbit from west to 
east, is 68,000 miles in an hour ; that of Mars^ in the same 
direction, is 55,000 miles per hour. The earth's relative velo- 
city in this case, is 13,000 miles per hour from west to east. 
That of Mars comparatively, is 13,000 miles from east to west, 
because the earth leaves Mars that distance behind her, as 
she. would leave a fixed point. 

Restj in the common meaning of the term^ is the opposite 
of motion, but it is obvious, that rest is ofien a relative term, 
since an object may be perfectly at rest with respect to some 
things, and in rapid motion in respect to others. Thus a 
man sitting on the deck of a steatn-boat, may move at the rate 
of fifieen miles an hour, with respect to the land, and still be 
at rest with respect to the boat. And so, if anotiber man was 
running on the deck of the same boat at the rate of fifteen 
miles the hour in a contrary direction ^ he would be stationary 
in respect to a fixed . point, and still be running with all his 
might, with respect to the boat. 

Velocity of Motion* 

Velocity is the rate of motion at which a body moves €tom 
one place to another. 

Velocity is independent of the weight or magnitude of the 
moving body. Thus a cannon ball and a musket baii, both 
flying at the rate of a thousand feet in a second, have the same 
velocities. 

Velocity is said to be un^omnf when the mbvingbody pass- 
es over equal spaces in equal times. If a steam-boat moves at 
the rate of 10 miles every h(wr, her velocity is uniform. The 
revolution of the earth firom west to east is a perpetual exam- 
ple of uniform motion^ 

What is absolute motion ? What is rfilaiite motion ? What is the 
earthVi relative velocity in rdspoct to Mars ? In what respect is a man 
ia a steam boat at rest, and in what respect does he move f What is 
Telocity ? When is velocity unifonn ? 
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Velocity is aecderatedj wh«i the nie of motion is eonstantly 
increased ; and it passes through unequal spaces in equal 
tisaes. Thus when a falling body moves sixteen feet during 
the first' second, and forty*eight feet during the next second, 
and so on, its velocity is accelerated. A body falling iVom a 
height freely through tlie air, is the most perfect example of 
this kind of velocity. 

Retarded vdocUy im when the rate of motion of th^ body is 
constantly decreased, and it is made to move slower and slow, 
er. A ball thrown upwards into the air, has its vdocity con- 
stantly retarded by the attraction of gravitation, «iiid conse- 
quently, it moves slower every hioment. 

F0NX9 or Mommhtmof Mating Bodied. 

The velocities of bodies are equal, when they pass over 
equal spaces in the same time ; but the force, with which bo- 
dies, moving at the same rate, overccNme impediments, is in 
proportion to the quantity of matter they contain. This pow- 
er, or force, is called the mdineMfttmof the moving body. 

Thus, if two bodies of the same weight move with tbo same 
velocity, their momenta will be equal. 

Two vessels, each of a hundred tons, sailing at the rate of 
six miles an hour, would overborne the same impediments, or 
be stopped by the same obstriibtions. Their momenta would 
therefore be the same. 

The force, or momMitum of a moving body, is in proportion 
to its quantity of matter, and its velocity. 

A large body moving slowly, may hav^ less momentum than 
a small one moving rapidly. Thus a bullet, shot out of a gun, 
moves with much greater force than a stone thrown by the 
hand. The momentum of a body is found by multiplying its 
^quantity of matter by its velocity. 

Thus, if the velocity be 2, and the weight 2, the momentum 
will be 4. If the velocity be 6 and the weight of the body 
4, the momentum will be 24. 

If a moving body strikes an impediment, the force with 
which it strikes, and the resistance of the impediment ak'e 
equal. ThuiB if a boy throw his ball ag&tnst the side of the 

When is relocity accelerated ? Give illastratioDt of these two kilid^ 
ofvelecity. What is meant by retarded velocity ? Give an example 
of retarded velocity. What is meant by the momentum of a body? 
When will the momenta of two todies be equal ? Give an example; 
When has a small body more momentum than a large one f By what 
¥ule is the momentum of a body found f 
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hottie, with the foree of 8, the bouse resist^ it with the same 
force, and the bail rebounds. If he throws it against a pane 
of glairs #ith the same force, the glass haying only the power 
of 3 to resist, the ball will go through the glass, still retaining 
one third of its force. 

From observations made on the eflfhcts of bodies striking 
each other, it is found that action and re-action are e<|ual ; or, 
in other words, that force and resistance are equal. Thus; 
when a moying body strikes one that is at rest, the body at 
rest returns the blow with equal force. 

This is illustrated by the well known fact, that if two per- 
sons strike their heads together, one being in motion; and the 
other still, they are both equally hurt. 

The philosophy of action and re-action is finely illustrated 
by a number of Ivory balls, suspended by threads, as in fig.. 
Fig. 10. 10> so as to touch each other. If 

the ball a be drawn from the per- 
pendicular, and then let fall, sd 
as to strike the one next to it, the 
motion of the falling ball will be 
communicated through the whole 
row, from one to the other. None 
of the balls, except/, will, how. 
ever, appear to tnove. This will 
be understood, when we consider 
that the re-actiob o£ by is juSt 
equal to the action of a, and that 
each of the other balls, in like 
manner, acts, and re-acts, on tfats 
other, until the motion of a arrive! 
at/, which, having no impedi- 
iiient, or nothing to act upon, is itself put in motion. It is, 
therefore, redaction, which causes all the ballff, except/, td 
remain at rest. 

It is by a modificatien of the same principle, that rocket^ 
are impaled through the air. The sti^am of expanded air, or 
the fire which is emitted from the lower end of the rocket, 
pushes against the atmospheric air, which, re-acting against 
the air so expanded, sends the rocket along. 

When a moTin^ body strikes an impediment, which receives the 
gTMitest shock? What is the law of action and re-action? How is 
thk illuBtrated f Whien one of the ivory balls strikes the other, why 
does the most distant one only move ? Ok what principle are rockeUt 
impeUed through the air? 
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It was on account of not understanding the principles of 
action and re-action, that the man undertook to make a fair 
wind for his pleasure hoat to be used whenever he wished to 
sail. He fixed aa inunense bellows in the stem of hii boat, 
not doubting but the wind from it would carry him alon^. 
But on making the. experiment^ he found that his boat went 
backwards, instead of forwards. The reason is plain. The 
redaction of the atmosphere on the stream of wind from the 
bellows, before it reached the sail, moved the boat in a con- 
trary direction. Had the sails received the whole force of the 
wind from the bellows, the boat would not have moved at all, 
ibr then, action and re-action would have been exactly equals 
and it would have been like a man's attempting to raise him« 
self over a fence by the straps of his boots. 
,Refected 3fo£toft. 

It has been stated that all bodies when once set in motion, 
would continue to move straight forward, until some impedi- 
ment, acting in a contrary (hrection, should bring them to 
rest; this motion being a consequence of the inertia of 
matter. 

Such bodies are supposed to be acted upon by a single 
force, and that in the direction of the line m which they move. 
Thus, a ball sent out of a gun, or struck by a bat, turns neither 
to the right, nor left, but makes a curve towards the earth, in 
consequence of another force, which is the attraction of gra- 
vitation, and by which together with the resistance of the at- 
mosphere, it is finally brought to the ground. 

The kind of motion now to be considered, is that which is 
produced when bodies are turned out of a straight line by 
some force, independent of gravity. 

A single force, or impulse, sends the body directly forward, 
but another forces not Exactly coinciding with this, will give 
it a new direction, and bend it out of its former course. 

If, for instance, two moving bodies strike each other ob:. 
liquely, they will both be Uirown out of the line of their for- 
ner direction. This is called refected motion, because, it 
observes the saine laws as reflected light; 

In the experiment with the boat and bellowa, why did the boat mors 
backwards ? Why would it not haye moved at all, had the sail receiv- 
ed all wind from the bellows ? Suppose a body is acted pUi and set in 
motion by a single force, in what direction will it move ? What is the 
moti<^n called, wlien a body is turned out of aatraight line by another 
force? 
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The bounding of a ball ; the skipping of a stone over the 
smooth surfisu^e of a pond ; and the obliqne direction of an 
apple, when it touches a limb in its fall, are examples of re 
fleeted motion. 

By experiments on this kind 6f motion, it is found, that 
moving bodies observe certain laws, in respect to the direc- 
tion they take in rebounding from any impediment they hap- 
pen to strike. Thus, a ball, striking on the floor, or wall of 
a room, makes the same angle in leaving the point where it 
strikes, that it does in approaching it. 

^«-^^- Suppose a, 5, fig. 11, 

to be a marble slab, or 
^^ floor, and c to be an 
ivory ball, which has 
been thrown towards the 
f'X^^^ , floor in the direction of 

* the line c, c ; it will re- 
hound in the direction of the line 6, d, thus making the two 
angles / and g exactly equid. 

If the ball approached the floor under a larger or smaller 
angle, its rebound would observe the same rule. Thus, if it 



e>^ 
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fell in the line h 
k, fig. 12, its re. 
bound would be in 
the line k t, and if 
it was dropped per- 
pendicularty from? 
to k, it would re- 
turn in the same 
line to Z. The an- 
gle which the ball 
makes in its ap- 
proach to the floor is called the angle of incidence, and that 
which it makes in departing from the floor, is called the angle 
ofrefleeHony and these angles are always equal to each other 

What illnBtratioiM can jrou give of reflected motion? What laws 
are obsenred in reflected motion ? Suppose a ball to be thrown on the 
floor in a certain direction, what rule will it obserye in rebounding? 
W hat is the angle called, which the ball makes in approaching the floor 
W hat is the angle called, which it makes in leaving the floor ? What 
is the difli^l-ence between these angles? 
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Compound MoUorik 
Compound motion is that motioD, which is produced by two- 
or more forces, acting in different directions, on the same 
body, at the same time. This will be readily understood by 
a diagram^ 

^ Fig. 13. Suppose the b^U a, fig. 13, 

to be moving with a certain 
telocity in the line b c, and 
suppose that at the instant 
when it came to the point a, 
it should be struck with an 
equal force in the direction 
of d e, as it cannot obey 
the direction of both these 
forces, it will take a course 
between them, and fly off in 
the direction of/. 

The reason of this is plain. 
The first force would carry 
the ball from btoc; the second would carry it from d to 
«, and these two forces being equal, gives it a direction 
just half way between the two, and therefore it is sent to- 
wards /. 

The line a f, is called the diagomd of the square, and re-^ 
suits from the cross forces, b and d being equal to each other. 
If one of the moving forces is greater than the other, then the 
diagonal line will be lengthened in the direction of the greater 
force, and instead of being the diagonal of a square, it will 
become the diagonal of a parallelogram, or oblong square 




Fig.U. 



Suppose the force in the 
direction of a b. should 
drivethe ball with twice the 
velocity of the cross force 
€ d, fig. 14, then the ball 
would go twice as far from 
the line cdy as from the line 
b a, and e f would be the 
diagonal of a parallelogram 
whose length is double its 
breadth. 



What is cotoponnd motion? Suppose a ball, moving with a certain 
force, to be struck crosswise, with the same force, in what direction will 
it move ? Suppose it to be struck with half its former force, in what 
direction will it move i 
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Suppose a boat in crossing a river, is rowed forward at the 
rate of four miles an hour, and the current of the river is at 
the same rate, then the two cross forces will be equal, and the 
line of the boat will be the diagonal of a square, as in fig. 13. 
But if the current be four miles an hour, and the progress of 
the boat forward only two miles an hour, then the boat will go 
down stream twice as fast as she goes across the river, and 
her path will be the diagonal of a parallelogram, as in fig. 14, 
and therefore to make the boat pass directly across the 
stream, it must be rowed towards some point higher up the 
stream than the landing place ; a fact well known to boatmen. 

Circular Motion. 
Circular motion, is the motion of a body in a ring, or circle, 
and is produced by the action of two forces. By one of these 
forces, the moving body tends to ily off in a straight line, 
while by the other it is drawn towards the centre, and thus it 
is made to revolve, or move round in a circle. 

The force by which a body tends to go off in a straight line, 
is called the centrifugal force ; that which keeps it from fly- 
ing away, and draws it towards the centre, is called the cen- 
tripetal force, 

^odies moving in circles are constantly acted upon by these 
two forces. If the centrifugal force should cease, the moving 
body would no longer perform a circle, but would directly ap- 
proach the centre of its own motion. If the centripetal force 
should ceafie, the body would instantly begin to move off in a 
straight line, this being, as we have explained, the direction 
which all bodies take when acted on by a single force. 

Fig. 15. This will be obvious by fig. 

15. Suppose a to be a cannon 
ball, tied with a string to the 
centre of a slab of smooth mar- 
ble, and suppose an attempt 
be made to push this ball with 
"^a the hand in the direction of b ; 
it is obvious that the string 
would prevent its going to that 
point ; but would keep it in the 
circle. In this case, the string 
is the centripetal force. 

What is the line A F, fig. 13, called ? What is the line E F, fig. 14, 
called ? How are these figures illustrated f What is circular motion ? 
How is this motion produced ? What is the centrifugal force? 
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Now suppose the ball to be kept revolving with rapidity, 
its velocity and weight would occasion its centrifugal force ; 
and if the string were to be cut, when the ball was at the 
point c, for instance, this force would carry it off in the line 
towards h. 

The greater the velocity with which a body moves round 
in a circle, the greater would be the force with which it would 
fly off in a right line. 

Thus, when one wishes to sling a stone to the greatest dis- 
tance, he makes it whirl round with the greatest possible ra- 
pidity, before he lets it go. Before the invention of other 
warlike instruments, soldiers threw stones in this manner with 
great force, and dreadful effects. 

The line about which a body levolves, is called its axis oj 
motion* The point round which it turns or on which it rests, 
is called the centre of motion. In fig. 15, the point d, to 
which the string is fixed, is the centre of motion. lo the 
spinning top, a line through the centre of the handle to the 
point on which it turns, is the axis of modon. 
' In the revolution of a wheel, that part which is at the great- 
est distance from the axis of motion, has the greatest velocity, 
and consequently, the greatest centrifugal force. 

Fig. 16.' Suppose the wheel, fig. 16, to 

revolve a certain number of times 
in a minute, the velocity of the 
end of the arm, at the point a, 
would be as much greater than its 
middle at the point b, as its dis- 
I tance is greater from the axis <^ 
' motion, because it moves in a lar- 
ger circle, and consequently the 
centrifugal force of the rim c, 
would in like manner, be as its 
distance from the centre of mo- 
tion. 

Large wheels, which are designed to turn with great velo- 
city, must, therefore, be made with corresponding strength. 
What is the centripetal foroe ? Suppoie the centrifu^ral force should 
cease, in what direction would the bodj move ? Suppose the centripe- 
tal force should cease, where would the bodj go ? Explain fig. 15. 
What constitutes the centriAigal force of a body movinj^ round in a 
circle ? How is this illustrated? What is the axis of motion f What 
is the centre of motion? Give illustrations. What part of a revolT- 
ing wheel has the greatest centrifugal force f Why ? 
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«efherwise the oentrifugal force will overcome the eohesive at- 
traction, or the strength of the fastenings, in which case the 
wheel will fly in pieces. This sometimes happens to the 
large grind-stones used in gun.factories, and the stone either 
flies away piece-meal, or breaks in the middle, to the gre^t 
danger of the workmen. 

Were the velocity of the earth round its axis about seven- 
teen times greater than it is, those parts at the greatest dis- 
tance from its axis, would begin to fly off in straight lines, as 
the water does from the grindstone, when it is turned rapidly. 

Centre of Gravity. 
The centre of gravity y in any body or system of bodies, is 
that point upon which, the body, or system of bodies, acted 
upon only by gravity, will balance itself in allpositions. 

The centre of gravity, in a wheel, made entirely of woqd^ 
and of equal thickness, would J[)e exactly in the middle, or in 
its ordinary centre of motion. But if one side of the wheel 
were made of iron, and the other part of wood, its centre of 
gravity would be changed to some point, aside from the centre 
«jof the wheel. 

Fig. 17. Thus, the centre of gravity in the 

wooden n^heel, fig. 17, would be at 
the axis on which it turns ; but were 
the. arm a, of iron, its centre of mo- 
tion and of gravity would no longer 
be the same, but while the centre of 
motion remained as before, the ceu- 
tre of gravity would fall to the poii^t 
a. Thus the centre of motio^i and 
of gravity, though oflen ^t,ti]ie.same 
point, are not always so. 
'When the body is shaped irregularly, or tbprje fu-e two or 
'more bodies connected, the centre of gravity is ^e point on 
which they will balance without falling. 

Fig. 18. If the two b^lls a and b, fig. 18, 

^ ^^ weigh each foyr pounds, the centre of 

, f^P"""nr— -^P gravity will be^ point on the bar equal, 
ly dist$int from each. 

Why must large wheels, timing with ,great velocity, be strongly 
■made? What would be the consequence, were the velocity of Sie 
earth 17 times greater, than it is ? Where is the centre of gravity in a 
body ? Where is the centre of gravity in a wheel, made of wood i If 
one side is made of wood, and the other jof iron, where is this .centre ? 
/Is the centre of motion and of gravity always the same? 
5* 
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J*V 1®' But if one of the balls be heavier thM 

Othe other, then the centre of gravity will 
in pr^^rtion, approach the larger ball. 
Thns in fig. 19, if e weigKs two pounds, 
and d eight pounde, the centre of grav- 
ity will be four times the distance from c that it is from d. 

In a body of equal thickness, as a board; or a slab of mar- 
bie, but otherwise of an irregalar shape, the centre of gravity 
may be found by suspending it, first from one point, and then 
from another, and marking vy means 6f a plumb line the per. 
pendicular ranges from the point of suspension. The centre 
of gravity will be the point where these two lines cross each 
other. 

Thus, if the irregular shaped piece of board, fig. 20, be 
Fig. 20. Fig.«l, Fig. 22. suspended by 

making a hole 




\**""*-->^ through it at 



the point a, and 

\^ '"^^v ^^ *^® same 
V ^ point suspend- 
\y^ ing the plumb 
linfe c, both 
boaird and line 
will hang in 
the position represented in the figure, having marked this 
line across the board, let it be suspended again in the position 
of fig. 31, arid the perpendicular line again marked. The 
point where these lines cross each other, is the centre of gra- 
vity, as seen by fig. 22. 

It is often of great consequence, in the concerns of life, 
that the subject of gravity should be well considered, since 
the strength of buildings, and of machinery often depends 
chiefly on the gravitating point. 

Comirion experience teaches, that a tall object, with a nar- 
row base, or foundation, is easily evertumed ; but common 
experience does not teach the reason, for it is only by under- 
standing principles, that practice improves experiment. 

An upright object will fall to the ground when it leans so 
much that a perpendicular line from its centre of gravity falls 
beyond its base. A tall chinEmey, therefore, with a narrow 

When two bodies ario connected, 110 by a bar between them, whore is 
the centre of gravity ? In a board of irreguhir shape, by what method 
'in the centre of gravity found f 




fcMmdatfon, sach as a^ eoimnonlf bulk at the present day, 
^ill fall with a very slight inclinatioBii 

Now in failing, the centre ^fgfayity passes through part of 
a circle, dift centra of which is at the extremity of the hase 
on which the body stands. This will be comprehended by 
%. 2a. ^ 

p. 23 Suppose the figure to be a block of 

marble, whioh is. to be turned over, by 
lifUng at the corner a, the Qoiner d would 
be the centre of its motion, or the point 
on which it would turn. The centre of 
gxavity, o, would, therefore, describe the 
part of a circle, of which tibe comer, d, is 
the centre. 

It will be obnous, after « little consideration, that the 
greatest difficulty we ^ould find ifi taming o>Ter a square 
block of marble, would be, in first raising up the centre of 
gravity, for the resi^ance will constantly become less, in pro- 
portion as this point approaches a perpendicular line over the 
comer c2, which, having passed, it will fall l;>y its own gravity. 
The difiiculty of taming over a body of a particular form, 
will be more strikingiy illustratred by the figure of a triangle, 
or low pyramid. 

Fig. 24. In fig. 24^ the centre of gravity is so 

low, and the base so broad, that in turning 
it over, a great proportion of its whole 
^weight must be raised. Hence we see the 
firtnness of the pyramid iA theory, and ex* 
perience proves its truth \ for buildings are 
found to withstand the efib^ts of time, and 
the commotions of earthquakes, in proportion as they ap- 
proach this figure. 

The most ancient monuments of the ait of building, now 
standing, the pyramids of Egypt, are of this form. 

When a ball is rolled on a horizontal plane, the centre of 
gravity is not raised, but moves in a straight line parallel to 

In what direction must the centre of gravity be from the outside of 
the base, before the object will fallf In falling, the centre of gravity 
passea through part of a circle, where is the centre of this circle ? In 
turning over a body, why does the force required constantly become 
less and less f Why is there less force required to overturn a cube, or 
square, than a pyramid of the same weight? When a ball is rolled on 
a horizontal plane, in what direction does the centre of gravity move ? 
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the surface of the plane, and is consequentiy always Erectly 
over its centre of motion. 

Fig. 25k Suppose, fig,* 25, a is the plane 

on which the ball moves, ftthe line on 
which the centre of gravity moves, 
. and c a plumb line, showing that the 
centre of gravity must always be ex- 
actly over the centre of motion, when 
the ball moves on a horizontal plane. 
Hence we see the reason why a bail 
•moving on such a plane, will rest 
with equal firmness in any position, and why so little force is 
required to set it in motion. For in no other figure does the- 
centre of gravity describe a hoiixontal line over that of mo- 
lion, in whatever direction the body is moved. 

Fig. 26. If the plane is inclined downwards,, 

the ball is instantly thrown into motion, 
because the centre of gravity then falls 
forward of that of motion, or the point 
on which the ball rests. 

Iliis is explained by fig. 26, where 
a is the point on which the ball rests, 
or the centre of motion, e the perpen. 
dicnlar line firom the centre of gravity, 
as shewn by the plumb weight c. 

If the plain is inclined upward, force 
is retpured to move the ball in that di- 
rection, because .the centre of gravity then falls behind that 
of motion, and therefore the centre of gravity has to be con- 
^antly lifted. This is also shewn by fig. 26, only considering 
the bcdl to be moving up the inclined plane, instead of 
down it. 

From these principles, it will be readily understood, why 
so much force is required to roll a heavy body, as a hogshead 
of sugar^ for instance, up an inclined plane. The centre of 
gravity Ming behind that of motion, the weight is constantly 
acting against the force employed to raise the body. 

Explain fig. 25. Why does a ball on a horizontal plane reit equally 
well in all positiontf ? Why does it move with little force ? If the plan* 
is inclined downwards, why does the ball roll in that direction ? Why 
is force required to move a ball up an mdined plane ? 
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Fig. 28. 



Fig. 37« Fiom what has been stated, it will be onder- 

stoody that the danger that a body will lall, iiiiii 
' proportion to the narrowness of its base, com- 
pared with the height of the centre of gravity 
above the base. 

Thtas a tall body, shaped like iig« 27, will 
fall, if it leans but very slightlyi for the centre 
of gravity being far above the base, at a, is 
brought over the centre of motion, 5, with little 
incliaation, as shown by the plumb line. 
Whereas a body shaped like fig. 28, will not 
fall, until it leans much more, as shown by the 
direction of the plumb line. 

We may loan, from these comparisons, that 
it is much more dangerous to ride in a lAgh 
carriage than in a low one, in proportion as the 
carriage is high, and the Wheels near each oth- 
er, or in proportion to the aaf rowness of the base, 
' and the height of the centre of gravity. A 
load of hay upsets where the i^ad raises one 
wheel but little- Uf^et than tiie othetj because 
it is high» and broader on the top than the distance of the 
wheels from each other, while a load of stone is v^ry rarely 
turned over, because iJie CMitre of gravity 19 neav the earth, 
and its weight between the wheels^ instead of being &r a^ve 
them. 

In man the centre of gravity is betWeea the hips, and hence, 
were his feet tied together^ and his arms tied to his sides, a 
very slight inclination of hLs body would cany the perpen^- 
cular of his centre of gravity beyond the base, and he would 
fall. But whea his limbs are free to flDKnre, he widens hie 
base, and changes the centre of gravity at pleasure, by throw- 
ing out his armsy as circumstances requiro^ 

When a man runs, he inclines forward^ so that tiie centre 
of gravity may hang belbre his base, and in this position, he is 
obliged to keep his feet constantly advancing, otherwise he 
Would fall forward. 




Whftt is the danger that a body will fall proportioned to ? Why is a 
body, shape^d like fig. 27, more easily thrown dewn« than one shaped 
like fig. 28 ? Hence, in riding in a cwriago, how is tb& danger of upset- 
ting proportioned f Where is the centre of a man's gravity ^ Why 
will a mao fall with a slight inclination, when his ft^ and arms are 
tied? 
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A man standing on one foot, eannot thiow his body forwiurd 
without at the same time throwing his other foot backward^ in 
order to keep his centre of grayitj within the base* 

A man, therefore, standing with his heels against a perpen- 
dicular wall, cannot stoop forward without failing, because the 
wall prevents his throwing any part of his body backward. 
A person, little versed in such things, agreed to pay a certain! 
sum of money for an opportunity of possessing himself of dou* 
Ue the sum, by. tdking itfirom Uie floor with his heels against 
the wall. Therman of course^ lost his money, for in such a 
posture, one can hardly reach lower than his own knee. 

The base, on which a man is supported, in walking, or 
standing, is his feet, and the space between them. By turning 
the toes out, this base is made broader, without taking much 
from its length, and hence persons who turn their toes out* 
ward, not only walk more firmly, but more gracefully, than 
those who turn them inward. 

. In consequence of the upright position of man, he is con- 
stantly obliged to employsome exertion to keep his balance^ 
This seems to be the reason why children learn to* walk with 
so much difficulty, for after they have strength to standi- it re- 
quires eoasiderable experience, so to balance the body, as to 
set one foot before the other, without falling. 

. By experience in the art of balancing, or of keeping thef 
centre of gravity in a line over the base, men sometimes per- 
form things, that, at first sight, appear aJtogether beycmd hu- 
man poweri such as dining with the table and chair standing 
on a single r<^, dancing on a wire, dec. 

•No form under which matter exists, escapes the general 
law of gravity, and hence vegetables, as well as animals are 
formed with reference to the position of this centre, in respect 
to the base. 

It is interesting, in reference to this circumstance, to ob- 
serve how exactly the tall trees of the forest conform to this 
law. 

The pine, which grows a hondred feet high, shoots up with 
as much exactness, with respect to keeping its centre ojf gra- 
vity within the base, as though it had been directed by the 

WhycaaDol'one who stands with his heelt agaiiuBt a wall gtoop fdr- 
ward ? Why doM a penon walk moat firmly, who turns his toes out^ 
ward ? Why does not a child walk as soon as he can stand f In what 
does the he art of balancing, or walking on a rope consist? What is 
observed in the growth of the trees of the foiett, in respect to the lawir 
of gravity? 
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plumb line of k master builder. Its limbs, towards the top 
are sent off in conformity to the same rule ; each one growing 
in respect to the other, so as to preserve a due balance be- 
tween the whole. 

It may be observed, also, that where many trees grow near 
each other, as in thick forests, and consequently where the 
wind can have but little effect on each, that they always grow 
taller than when standing alone on the plain. The roots of' 
such trees are also smaller, and do not strike so deep as those 
of trees standing alone. A tall pine, in the midst of the for- 
est would be thrown to'the ground by the first blast of wind, 
wereall those around it cut away. 

Thus, the trees of the forest, not only grow so as to pre-^ 
serve their centres of gravity; but actually conform, in a cer-* 
tain sense, to their situations. 

Centre of Inertia* 

It will be remembered that inertia is one of the inherent, or 
essential properties of matter, and that it is in consequence of 
this property, when bodies are at rest, that they never move 
without the application of force, and when once in motion, 
they never cease moving without some external cause. 

Now inertia, though hke gravity, it resides equally iq every 
particle of matter, must have, like gravity, a centre in each 
particul^ body, and this centre is the same tdth that of 
gravity. 

In a bar of iron, six feet long, and 2 inches square, the 
centra of gravity is just three feet from each end, or exactly in 
the middle. If, therefore, the bar il supported at this point, 
it will balance equally, and because there are equal weights 
on both ends it will not fall. This, therefore, is the centre of 
gravity 

Now suppose the bar should be raised by raising up the 
centre of gravity, then the inertia of all its parts would be 
overcome equally with that of the middle. The centre of 
gravity, is thdreforfe, the centre of inertia. 

The centre of inertia, being that point, which, being lifled, 
the whole body is raised, is not, therefore, always at the cen- 
tre of the body. 

W hat effect does inertia have upon bodies at rest ? W hat effect does 
it have on bodies in motion P Is the centre of inertia, and that of gra- 
vily the same ? Where is the centra of inertia in a body, or a system 
of bodies? 
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Fig* 29, Thus suppose the same bar of iron, 

^ whose inertia was overcome by raising 
the centre, to have balls of different 
weights attached to its ends ; then the 
centre of inertia would no longer re- 
main in the micMHe of the bar, but would be changed to the 
point at f^g' 2^9 *K> that to lift the whole, this point must be 
raised, instead of the middle, as before. 
EquUibrittm. 
^hen two forces eounteract, or balance each other, they 
are said to be in equUihrum. 

It is not necessary for this purpose^ that the weights oppos- 
ed to eacli other should be equally heavy, for we have just seen 
that a small weight placed at a distance from the centre of 
inertia, will balance a large one placed *near it. To produce 
equilibrium) it is only necessary, that the weights on each 
side of the support should mutually counteract each other, or 
if set in motion, that their momenta should b^ equal. 

A pair of scales are in equilibrium, when the beam is in a 
horizontal position. 

To produce equilibrium in solid bodies, therefore, it is only 
necessary to support the centre of inertia, or gravity. 

Fig. 30. If a body, or several bodies, con- 

nected, be suspended by a string, 
as in fig. 30, the point of support 
is always in a perpendicular line 
above the centre of inertia. The 
* plumb line d, cuts the bar connect, 
ing the two balls at this point. 
Were the two weights in this figure 
equal, it is evident that the hook, or 
point of support must be in the 
middle of the string, to preserve the horizontal position. 

When a man stands on his right foot, he keeps himseif in 
equilibriism, by leaning to the right, so as to bring his centre 
of gravity in a perpendicular line over the foot on which he 
stands. 

Why is th& point of inertia changed bj fixing different weights to the 
ends of the iron bar ? What is meant by equilibrium ? To produce 
equilibriom most the weights be equal f When is a pair of scales in 
eqoiiibriam? Whe&a body is suspended by a string, where must the 
support be with respect to the point of inertia? 
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CurvOineary or Ifent MoHon^ 
We have seen that a shigle force aetihg on a body drives it 
straight forward, and that two forces acting crosswise, drive it 
midway between the two. Or give it a diagonal direction. 

CUrvihnear motion differs front both these, the directioii of 
the body being neither straight forward, nor diagonal, but 
through a line which is curved. 

This kind of motion may be in any direction^ but when it 
is produced in part by gravity, its direction is always towards 
the earth. 

A stream of water from an aperture in the side of a vessel, 
as it falls towards the ground, is an example of a curved line, 
and a body passing through such a line, is said to have curvUi" 
near motion. Any body projected forward, as a cannon ball, 
or rocket, falls to the earth in a curved line. 

It is the action of gravity across the course of the stream^ 
or the path of the ball that bends it downward?, and makes it 
form a curve. This motion is therefore tne result of two for- 
ces, that of projection, and that of gravity. 

The shape of the curve, will depend on the velocity of the 
stream or ball. When the pressure of the water is great, the 
stream, near the vessel, is neatly hcrizontal, because its velo- 
city is in proportion to the pressure. When a ball first leaves: 
the cannon, it describes but a slight eurve, because its projec-^ 
tile velocity is then greatest. 
Fig. 31. 

The curves prescribed by jets of 
water, under different degrees of pres^ 
sure, are readily illustrated by tapping 
a tall vessel in several places, one 
above the other. 

Suppose fig. 31 to be such a vessel^ 
filled with water and pierced as repre- 
sented. The streams will form curves 
differing from each other, as seen in 
the figure. Where the projectile force 
is greatest, as from the lower orifice, 
the stream reaches the ground at the 
greatest distance from the vessel, this 
distance decreasing, as the ptessure 

What ifi meant by curvilinear motion ? What are examples of this 
kind of motion f What two forces produce this motion ? On what 
does the shape of the curvd depend ? How are the carves described by 
jets of water illustrated ? 
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becomes less to^ffards the top of the vessel. The aetroa of 
gravity being always the same, the shape of the curve de^ 
scribed, as just fitote4» must depend on the velocity of the mov-. 
jng body ; but whether the projectile force be great or small, 
the moving body, if thrown horizontally, will reach the ground 
from the same height in the same tim^. 

This, at first thought, would seem not to be true, for without 
consideration,^ moat persons would assert, very positively, that 
that if two cannon were fired from the same spot^ a^ the same 
instant, and in the same direction, one of the balls falling half 
a mile, and the other a mile distant, thi^ the ball which went 
to the greatest distance, would take the most time in perfonn-t 
ing its journey. 

But it must be remembered that the projectile force does 
not in the least interfere with the force of gravity. A ball 
(lying hori3H>ntally at the sate of a thousand feet per second, 
is attracted downwards with precisely the same fprce as one, 
flying only a hundred feet pejf seqondjt and n^ist therefore de- 
3cend the same distance in the same time. 

The distance to which a ball will go, depends on the farce 
of impulse given it the first instant, and consequently on its 
projectile velocity. If it moves slowly, the distance will be 
short — ^if more rapidly, the space passed over will be greater. 
It makes no difference, then, in respect to the descent of the 
ball, whether its projectile motion be fast, or slow, or whether 
it moves forward at all. 

This is demonstrated by experiment. Suppose a cannon to 
be loaded with a ball, an<) placed on the top of a t€^wer, ait such 
a height from the ^ound, that it would take just three seconds 
for a cannon ball to descend from it to the ground,, if let &11 
perpendicularly. Now suppose the cannon to be fired in an 
exact horizontal direction, and at the same instant, the ball to, 
be dropped towards the ground. They will both reach the 
ground at the same instant, prpvided the ground be a horizon- 
tal plane from the fopt pf the tower to the place whe^e the 
projected ball strikes. 

What difference is there in respect \o the tiine taken by a body to reach 
the ground, whether the ca^ve be great or smaU? 'Why do bodies 
fom^lDg difibrent curves from the same height, reach the groun4 at the 
same time ? Suppose two balls, one iOying at the rate of a thousand, 
and the other at the ratp of a hundred feet per second, which would de- 
scend most during the second ? Does it make any difPerence in respect 
to the descent of the baJl, whether it has a projectile motion or not ? 
Suppose, then, one ball be fired fh>m a cannon, an^ another let fall 
from the same height at the same instant, wonld they both reach the 
eround at the same iime f 
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This will be made plain by fig. 32, where a is tlie petpen- 
'dicular line of the descending bdl, c b the curvilinear path of 
that projected from the Cannon, and d, the horizontal line 
from the foot of the tower. 

Fig. 32. 
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The reason why the two balls will reabh tlie ground att thfe 
same time, is easily comprehended. 

Dunng the first second, suppose that the bail which is 
dropped, reaches 1 ; during the next second it falls to 2, and 
at the end of the third second it strikes the ground. Mean- 
time, the ball shot from the cannon is projected forward with 
such velocity as to teach^ 4 in the same time that the other 
is idling to 1. Bdt the projected ball falls downward exactly 
as fast as the other, for it meets the line 1,4, which is parallel 
to the horizon at the same instant. During the next second, 
the projected ball reaches 5, while the other arrives at 2 ; 
and here again they have both descended through the same 
downward space, as is seen by the line d, 5, which is parallel 
with the other. During the third second, the ball from the 
cannon will have nearly spent its projectile force, and there- 
fore, its motkm downward will be greater,, while its motion 
forward, will be leiss than before. Th^ reason of this will 
be obvious, when it is considered, that ill respect to gravity, 
both balls follow exactly the same law, and fall through equal 
spaces in equal time^. Therefore as the falling ball descends 
through the greatest space during the last second, so that 
from the cannon, having now a less projectile velocity, its 
downward motion is more direct, and, like all falling bodies, 
-its velocity is increased as it approaches the earth. 

Explain fig. 32, shi^wing the reason why the two balls will reach the 
groand^t the same time. Why does tho ball approach the earth more 
-rapidly in the last palt of the curve, than in the firsipart ? 
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From what has been said, it may be inferred, that the hori* 
zontal motion of a body through tiiie air, does not in the least 
interfere with its gravitating motion towards the earth, and 
therefore that a rifle ball, or any other body projected forward 
horizontally, will reach the gnnmd in exactly the same period 
of time, as one that is let fall perpendicularly from the same 
height. 

The two forces acting on bodies which fall through curved 
lines, are the same as the centrifugal aud centripetal forces, 
already explained ; the centrifugsd in case of the ball being 
'.caused by the powder — ^the centripetal being the action of 
gravity. 

Now it is obvious, that the space through which a 'cannon 
'ball, or any other body can be thrown, depends on the velocity 
with which it is projected, for the attraction of gravitation 
and the resistance of the air acting perpetually, the time which 
a projectile can he kept in motion, through the air, is only a 
few moments. 

If, however, the projectile be thrown from an elevated situa- 
tion, it is plain that it would strike at a greater distance than 
if thrown on a level, because it would remain longer in the 
air. Every one knows that he can throw a stone to a greater 
distance, when standing on a steep hill, than when standing 
on the plain below. 

Bonaparte, it is said, by elevating the range of his shot, 
-bombarded Cadiz from the distance of five miles. Perhaps, 
then, from a high mountain, a cannon ball might be thrown to 
the distance of six or seven miles. 

Fig. 33. Suppose the circle, fig. 

'33, to be the earth, and a 
a high mountain on its 
surface. Suppose that 
this mountain reaches 
above the atmosphere, or 
is fifty miles high, then a 
cannon ball might perhaps 
reach from a to -5, a dis- 
tance of eighty, or a hun- 
dred miles, because the 
resistance of the atmos- 
phere being out of the 
calculation, it would have 
nothing to contend with, 
except the attraction of 

'What is the force called, which throwi a ball forward? 
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gravitation. If, then, one degree of force, or velocity would 
send it to h, another would send it to c : and if the force was 
increased three times, it would fall M d, and if four times, it 
would pass to e. If now we suppose the force to be about ten 
times greater than that with which a cannon ball is projected, 
it would not fall to the earth at any of these points, but would 
continue its motion, until it again came to the point a, the 
place from which it was first projected. It would now be in 
equilibrium, the centrifugal force being just equal to that of 
gravity, and therefore it would perform another, and another 
revolution, and so continue to reVolve round the earth per- 
petually. 

The reason why the force of gravity would not ultimately 
bring it to the earth, is, that during the first ^evolution, the 
efiTect of this force is just equal to that exerted in any other 
revolution, but neither more nor less ; and, therefore, if the 
centrifugal force was sufficient to overcome this attraction du- 
ring one revolution, it would also overcome it during the next. 
It is supposed, also, that nothing tends to affect the projectile 
force except that of gravity, and the force of this attraction 
would be no greater during any other revolution than during 
the first. 

In other words, the centrifugal and centripetal forces are 
supposed to be exactly equal, and to mutually balance each 
other ; in which case, the ball would be, as it were, suspended 
between them. As long, therefore, as these two forces con- 
tinued to act with the same power, the ball would no more 
deviate from its path, than a pair of scales would lose their 
balance without more weight on one side than on the other. 

It is these two forces which retain the heavenly bodies in 
their orbits, and in the case we have supposed, our cannon 
ball would become a little satellite, moving perpetually round 
the earth. 

Residtant Motion. 

Suppose two men to be sailing in two boats, each at the 

What is that called, which bring^s it to the ground ? On what does 
the distance to which a projected body may be thrown depend ? Why 
does the distance dependr upon the velocity ? Explain fig. 33. Suppose 
Che velocity of a cannon ball shot from a mountain 50 miles high, to be 
ton times its usual rate, where would it stop ? When would this ball 
be in equilibrium? Why would not the force of gravity ultimately 
bring the ball to the earth ? After the first revolution, if the two forces 
continued the same, would not the motion of the ball be perpetual i 

6 
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rate of four miles an hout, at a short distance opposite to each 
other, and suppose as they are sailing along in this manner, 
one of the men throws the other an apple. In respect to the 
hoats, the apple would pass directly across, from one to the 
other, that is, its line of direction would be perpendicular to 
the sides of the boats. But its actual line through the air, 
would be oblique, or diagonal, in respect to the sides of the 
boats, because in passing from boat to boat, it is impelled by 
two forces, viz. the force of the motion of the boat forward, 
and the force by which it is thrown by the hand across this 
motion. 

This diagonal motion of the apple is called the remUant, 
or the resulting motion, because it is the effect, or result, of 
two motions, resolved into one. Perhaps this will be more 
Fig. 34. clear by fig. 34, where a 6, and c 

dy are supposed to be the sides 
of the two boats, and the line ef^ 
of the apple. Now the apple, 
when thrown, has a motion with 
the boat at the tate of four miles 
an hour, from c towards c2, and thf^ 
motion is supposed to continue just 
as though it had remained in the boat. Had it remained in the 
boat during the time it was passing from e iof, it would have 
passed from e to A. But we suppose it to have been thrown 
at the rate of eight miles an hour in the direction towards gy 
and if the boats are moving south, and the apple thrown to- 
wards the east, it would pass, in the same time, twice as far 
towards the east as it did towards the south. Therefore, in 
respect to the boats, the apple would pass in a perpendicular 
line from the side of one to that of the other, because they 
are both in motion, but in respect to one perpendicular line 
drawn from the point where the apple was thrown, and a 
parallel line with this, drawn from the point where it struck 
the other boat, the line of the apple would be oblique. This 
will be clear, when we consider that when the apple is thrown, 
the boats are at the points e and g, and that when it strikes, 
they are at h and/, these two points being opposite to each 
other. 

Suppose two boats, sailing at the same rate and in the sanae direc- 
tion, if an apple be tossed from one to the other, what will be its direc- 
tion in respect to the boats ? What would be its line through the air, 
in respect to the boats ? What is this kind of motion called ? Why is 
it called resultant motion .' Explain fig. 34. 
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The line e,/, thtough which the apple is thrown, is called 
the diagonal of a parallelogram, as already explained under 
compound motion. 

On the above principle, if two ships, during a battle, are 
sailing before the wind at equal rates, the aim of the gunners 
will be exactly the same as though they stood still ; whereas 
if the gunner fires from a ship standing still, at another under 
sail, he takes his aim forward of the mark he intends to hit, 
because the ship would pass a little forward while the ball is 
going to her. And so on the contrary, if a ship in motion 
fires at another standing still, the aim 'must be behind the 
mark, because, as the motion of the ball partakes of that of 
the ship, it will strike forward of the poiht aiined a.t. 

For the same reason, if a ball be dropped from the topmast 
of a ship under sail, it partakes of the motion of the ship for- 
iTard, and will fall in a linie with the mast, and strike the san^e 
point on the deck, bs though thie ship stood still. 

If a man upon the full run drops a bullet before him frotn 
the height of his head, he cannot run sb fast as to dtertake it 
be^re it reaches the ground. 

it is on this principle, that if a cannon ball be sh6t up vet- 
ticaily from the ebrth, it will fall back to the s&me point ; for 
although the earth moves forward while the ball is in the ait, 
yet as it calories this motion with it, so the ball moves forward 
also, in an iequal degreie, and therefore comes down at the 
same place. 

Ignorance of these laws induced the story-making sailor to 
tell his comrades, thstt he once sailed in a ship which weilt so 
fast, that When a man fell from the mast-head, the ship sailed 
away and left the poor fellow to strike into the water behind 
her. 

Pendulum, 

A pendulum is a heavy body, such as a piece of brass, or 
lead, suspended by a wire or cord, so as to swing backwards 
and forwards. 

Why would the line of the apple b6 actually perpendicular in resp^fct 
to the boats, but oblique in respect to iparallel lines drawn from wh^r e 
it was thrown, and where it struck ? How is this further illustrated ? 
When the ships are in equal motion, where does the gunner take his 
aim ? Why does he aim forward of the mark, when £e other ship is 
in motion f If a ship in motion Hies at one standing still, where must^ 
be the aim ? W hy in this case, must the aim be behind the mark ' 
What other illustrations are given of resultant motion ? What is 
pbndolum ^ 
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When a pendulum swings, it is said to vibrate ; and that 
part of a circle through which it swings, is called its are. 

The times of the vibration of a pendulum are very nearly 
equal, whether it pass through a greater or less part of its arc. 
Fig- ^' Suppose a and 

6, fig. 35, to be 
two pendulums 
of equal length, 
and suppose the 
weights of each 
are carried, the 
one to c, and the 
other to d, and 
both let fall at 
the same instant; 
tlieir vibrations would be equal in respect to time, the one 
passing throuh its arc from e to 6, and so back again, in the 
same time that the other passes from d to J, and back again. 

The reason of this appears to be, that when the pendulum 
is raised high, the action of gravity draws it more directly 
downwards, and it therefore acquires, in falling, a greater 
comparative velocity than is proportioned to the trifling differ- 
ence of height. 

In the common clock, the pendulum is connectied with 
wheel work, to regulate the motions of the hands, and with 
weights by which the whole is moved. The vibrations of the 
pendulum are numbered by a wheel haying sixty teeth, which 
revolves once in a minute. Each tooth, therefore, answers 
to one swing of the pendulum, and Uie wheel moves forward 
one tooth in a second. Thus the second hand revolves once 
in every sixty beats of the pendulum, and as these beats are 
seconds, it goes round once in a minute. By the pendulum, 
the whole machine is regulated, for the clock goes faster, or 
slower, according to its number of vibrations in a given time. 
The number of vibrations which a pendulum makes in a given 
time, depends upon its length, because a long pendulum does 
not perform its journey to and from the corresponding points 
of its arc so soon as a short one. 

What is meant by the yi{>ration of a pendulum ? What is that part 
of a circle called, through which it swings ? Why does a pendulum 
vibrate in equal time, whether it goes through a small, or large part of 
its arc? Describe the common clock. How many vibrations has the 
pendulum in a minute ? On wh^it depends the number of vibrations 
which a pendulum makes in a given time ? 



As the modem of the clock is regulated entirely by the 
pendulum, and as the number of vibrations are as its lengthy 
the least variation in this respect will alter its rate of going. 
To beat seconds, its length must be about 39 inches. In the 
common clock, the length is regulated by a screw, which 
raises and lowers the weight. But as the rod to which the 
weight is attached, is subject to variations of length in conse- 
quence of the change of the seasons, being contracted by cold, 
and lengthened by heat, the common clock goes faster in 
winter than in summer. 

Various means have been contrived to counteract the ef* 
fects of these <^hange«i, so that the pendulums may continue 
the same length the whole year. Among inventions for this 
purpose, the gridiron pendulum is among the best. It is so 
called, because it consists of several rods of metal connected 
together at each end. 

The principle on which this ^pendulum is constructed, is 
derived from the fact, that some metals dilate more by the 
same degree ol heat than others. Thus brass will dilate twice 
as much by heat, and consequently contract twice as much 
by cold, as steel. If then these differences could be made to 
counteract each other mutually, given points at ea^h end of 
a system of such rods would remain stationary the year round, 
and thus the clock would go at the same rate in all climates, 
and during all seasons. 
f%. 36. This important object is accomplished by the fol- 
^ lowing means. 

T Suppose ^he middle rod, fig. 36, to be made of 

N brass, and the two outside ones of steel, all of the 
same length. Let the brass rod be firmly fixed to 
the cross pieces at each end. Let the steel rod a, 
be fixed to the lower cross piece, anfl 5, to the upper 
cross piece. The rod a, at its upper end passes 
through the cross piece, and in like manner, h 
through the lower one. This is done to prevent 
these small rods from playing backwa^rds and for- 
wards as the pendulum swings. 

Now as the middle rod is lengthened by the heat 

Vv twice as much as the outside ones, and the outside 

X rods together are twice as long as the middle one, 

|A the actual length of the pendulum can neither be 

What is the medium length of a pendulum beating seconds ? Why 
does a common clock go faster in winter than in »ummer-P 

6» 
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increased, nor diminished by the yariadons of teinpete- 
ture. 
Fig, 37^ rp^ make this still plainier, sUppoise the Ibwter 
^ cross piece, fig. 37, to be standing on a table, so that 
it could not be lengthen<ed downwards, and suppose 
by the heat of summer, the middle rod of brass 
should increase one inch in length. This would 
^ elevate the upper cross piece an inch, but at the 
same time the Steel rod n, swells half an inch, and 
the steel rod b, half an inch, therefore, the two 
points c and d, would remain exactly at the same 
•^distance from each other. 
As it is the force of gravity which draws the weight of the 
pentlulum from the highest point of its arc downwards, and 
as this force increases, or diminishes, as bodies approach to- 
wards the centre of the earth, or recede from it, so the pendu- 
lum will vibrate faster, or slower, in proportion as this attrac- 
tion is stronger or weaker. 

Now it is found that the earth at the tequator rises higher 
from its centre, 'than it does at the poles, for towards the 
poles it is flattened. The pendulum, therefore, being more 
strongly attracted at the poles than at the equator, vibrates 
faster. For this reason, a clock that would keep exact time 
at the equator, would gain time at the poles, for the rate at 
which a clock goes, depends' on the number of vibrations its 
pendulum makes. Therefore, pendulums, in order to beat 
seconds, must be shorter at the equator and longer at the 
poles. 

For the same reason, a clock, which keeps exact time at 
the foot of a high mountain would move slower on its top. 

latere is a short pendulum, used by musicianis for marking 
lime, which may be tnade to vibrate fast or slbw, as occasicm 
requir'eS. This little instrutnent is called a metronome^ and 
besides th'e pendulum, consists of Several wheels, and a spiral 
spring, by which the Whole is moved. This pendulum is only 

What is necessary in respect to the pendiilam, to mak« the clock go 
true the year round ? "What is the principle on which the gridiron pen- 
dulum is constructed ? VVhat are the metals of which this instrument 
is made? Explain fig. 36, and give the reason why the length of the 
pendulum will hot change by the variations of temperature. Explain 
fig. 37. What is the downward force which makes the pendulum vi- 
brate f Explain the reason why the same clock would go faster at the 
^oles and slower at the equator. How can a clock which goes true at 
the equator be made to go true ut the poles i* 
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ten or twehre inches long, and instead of being snspeildbd 
by the end, like other pendulums, the rod is prolonged abbve 
the point of suspension, and there is a ball placed at the up- 
per, as well as at the lower extremity. 

This arrangement will be understood 
by fig. 38, where a is the axis of sus- 
jp^Dsion, h the upper ball, and c the 
lower one. Now when this pendulunl 
Vibrates from the point a, the upper 
ball constantly retards the motion of 
the lower one, by in part counterbal- 
ancing its weight, dnd thus preventing 
its full velocity downwards. 

Perhaps this will be more apparent 
by placing the pendulum, fig. 39, for 
a moment on its side, and across a 
bar, at the point of suspension. 
In this position, it wilt be seen, 
that the little ball would prevent 
.^\— the large one froth falling with 
its^ fiill weight, sinbe, were it 
moved to a certain distance from 
the point of suspension, it would balance the large one, so 
that it would not descend at all. It is plain, therefore, that 
the comparative velocity of the large ball will be in proportion 
as the small one is moved to a greater or leiss distance from 
the point of suspension. The metronome is so constructed, 
the little ball bising made to move up and down on the rod, 
at pleasure, and thus its vibrations are made to beat the time 
of a quick or slow tune as occasion requires. 

By this arirangement, the instrument is made to vibrate 
every two seconds, or every half, or quarter of a 'second, at 
pleasure. 



Fig. 38. 



MECHANICS. 

. Mechanics is a science which investigates the lawiB and ef. 
foots of force and motipn; 

Will a clock keep equal time at the foot, and on the top of a high 
moontain? Why will it not ? What is the metronome ? How doefl 
{his pehdulam differ from commoh pendulums .' How does the upper 
hall retard the motion of the lower one ? How is the metronome piad« 
to go fatter or slower -at pleasure? What is mechanics? 
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The practical object of this science is, to teach the best 
modes of overcoming resistances by means of mechanical 
powers, and to apply motion to useful purposes, by means of 
machinery. 

A machine is any instrument by which power, motion, or 
Velocity is applied, or regulated. 

A machine may be very simple, or exceedingly coniplex. 
Thus a pin is a machine for fastening clotlies, and a steam 
engine is a machine for propelling mills and boats. 

As machines are constructed for a vast variety of purposes, 
their forms, powers, and kinds of movement must depend on 
their intended uses. 

Several considerations ought to precede the actual con- 
structi<^n of a new or untried machine ; for if it does n6t ans- 
wer the purpose intended, it is commonly a total loss to the 
builder. 

Many a man, on attempting to apply an old principle to a 
bew purpose, or to invent a new machine for an old purpose, 
has been sorely disappointed, and whdn he came to the actual 
test, has found, too late, that his time and money have 
been thrown away, for want of proper reflection, or requisite 
knowledge. 

If a man, for instance, thinks of constructing a machine 
for raising a ship, he ought to take into consideration, the in- 
ertioy or weighty to be moved — ^the force to be applied — the 
length of the materials, and the spcuiey or Situation, he has 
to work in. For, if the force applied, or the strength of the 
•materials be insufficient, his machine is obviously useless ^ 
and if the force and strength be ample,, but the space be 
wanting, the same result must follow. 

If he intends his machine for twisting the fibres of flexible 
substances into threads, he may find no difficulty in respect 
to power, strength <)f materials, or space to work in, but if the 
"telocityy direction^ and kind of motion he obtains be not ap- 
plicable to the work intended, he still loses his labor. 

' Thousands of machines have been constructed, which, so 
far as regards the skill of the workmen, the ingenuity of the 
-eontriver, and the construction of the individual parts, were 
models of art and beauty ; and, so far as could be seen with^ 
out trial, admirably adapted to the intended purpose. But on 
putting them to actual use, it has too oflen been found th&t 
their only imperfection consisted in a stubborn refusal to do 
any part of the work intended. 

What is the object of this science? What is a machine? Mention 
one of the most simple, and one of the mostMComplex of machines. 
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Now a thorough knowledge of the laws of motion, and the 
principles of mechanics would, in many instances at least, 
have prevented all this loss of labor and money, and what is 
still worse, so much vexation and chagrin, by showing the 
projector that his machine would not answer the intended 
purpose. 

The importance of this kind of knowledge is therefore ob- 
vious, and it is hoped will become more so as we proceed. 

In mechanics, as well as in other sciences, there are words 
which must be explained, either because they are common 
words used in a peculiar sense, or because they are terms of 
art, not in common use. All technical terms will be as much 
as possible avoided, but still there are a few, which it is ne- 
cessary here to explain. 

Force is the means by which bodies are set in motion, kept 
in motion, and, when moving, are brought to rest. The force 
of gun-powder sets the ball in motion, and keeps it moving, 
until the force of resisting air, and the force of gravity bring 
it to rest. 

Potcer is the means by which the machine is moved, and 
the force gained. Thus we have horse power, water power, 
and the power of weights. 

Weight is the resistance, or the thing to be moved by the 
force of the power. Thus the stone is the weight to be 
moved by the force of the lever, or bar. 

Fulcrum^ or prop, is the point or part on whith a thing is 
supported, and about which it has more or less motion. In 
raising a stone, the thing oil which the lever rests, id the ful- 
crum. 

In mechanics there are a few simple machines called the 
mechanical pacers, and howtever mixed, or complex, a combi- 
nation of machinery may be, it consists only of these few in- 
dividual powers. 

We shall not here burthen the memory of the pupil, with 
the names of these powers, of the nature of which he is at 
present supposed to know nothing, but shall explain the action 
and use of each in its turn, and then sum up the whole for 
his accommodation. 

What IB meant by force, in mechanics? What is meant by power ? 
What is anderstood by weight ? What is the fulcrum ? Are the me% 
«hanlcal powers numerous, or only few in number ? 
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The Lever, 
Any rod, or bar, which is used in raising a weight, or sur- 
mounting a resistance, by being placed on a fulcrum, or prop, 
becomes a lever. 

This machine is the most simple of all the mechanical 
powers, and is therefore in universal use. 

Fig. 40. Fig- 40 represents a 

straight lever, or Tiand' 
spike, called aUo a crow- 
Jar, which is commonly 
used in raising and 
moving stone and other 
heavy bodies. The 
block b, is the weighty 
or resistance, a is the 
Uver, and c, the ftdcrum. 

The power is the hand, or weight of a man applied at a, to 
depress that end of the lever, and thus to raise the weight. 

It will be observed, that by this arrangement, the applica- 
tion of a shiall power may be made to overcome a great re- 
sistance. 

The force to be obtained by the lever, depends on its length, 
together with the power applied, and the distance of the 
weight and power from the fulcrum. 

Fig. 41. Supose fig 41, that a, is the 

^ lever, ( the fulcrum, d the weight 

to be raised, and c the power. 
Let d, be considered three times 
as heavy as c, and the fulcrum 

C three times as far from c as it is 
I from d ; then the weight and 
A power will exactly. balance each 
other. Thus if the bar be four 
feet long, and the fulcrum three feet from the end, then three 
jpounds on the long arm, will weigh just as much as nine 
pounds on the short arm, and these proportions will be found 
the same in all cases. 

What if a lever P What is iha simplest of all meohanical powers? 
Explain fig. 40. Which is the weight : Where is the fulcrum ? Whers 
is the power applied ? What is the power in this case ? On what does 
the force to he obtained by the lever depend ? Suppose a lever 4 feet 
long, and the fulcrum one foot from the end, what number of pounds 
WiH balance each other at the ends ? 



b 




LEVEB. 61^ 

Whon two weights balance each other^ the fulcrum is al- 
ways at the centre of gravity between them, and therefore to 
make a small weight raise a large one, the fulcrum must be 
placed as near as possible to the large one, since the greater 
the distance from the fulcrum the smaU weigU^ or power is, 
the greater will be its force* 

Fig. 42, Suppose the weight J, fig. 42, 

to be sixteen pounds, and sup- 
I I pose the fulcrum to be placed so 

•^ A near it, as to be raised by the 

\^ C power a, of four pounds, hang- 

^ ing equally distant from the ful- 

crum and the end of the lever. 
If now the power a, be remov- 
ed, and another of two pounds, c, be placed at the end of the 
lever, its force will be just equal to a, placed at the middle of 
the lever. 

But let the fulcrum be moved along to the middle of the 
lever, witht'he weight of sixteen pounds still suspended to it, 
it would then take another weight of sixteen pounds, instead 
of two pounds, to balance it, fig. 43. 

Thus the power which would 
Fig. 43. balance 16 pounds, when the, 

• fulcrum is in one place, must be 

c^ I exchanged for another power 

weighing 8 times as much, when 
the fulcrum is in another place. 
From these investigations, we 
may draw the following general 
truth, or proposition, concerning 
the lever. " That the force oj the lever increases in proportion 
to the distance of the power from the fulcrum, and dimimsh- 
€s in proportion as the distance of the weight from the fulcrum^ 
increases,^* \ 

Ffom this proposition may be drawn the following rule, by 
which the exact proportions between the weight, or resistance, 
and the power may be found. Multiply the weight by its 

VTlien weights balance eadi other, at what point between tfaem must 
thefulcruin be ? Suppose a weight of 16 pounds on the short arm of a 
lever is counterbalanced by 4 pounds in the middle of the long arm, 
what power would balance this weight at the end of the lever ? Sup- 
pose the fulcrum to be moved to the middle of the lever, what power 
would then be equal to the 16 pounds ? What is the general proposi- 
tion drawn from these results ? 
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distance from the fuUrum ; then miiTtiply the power by its 
distance from the same point, and if the products are equal, 
the weight and the power will balance each other. 

Suppose a weight of 100 pounds on the short arm of a lev- 
er, 8 inches from the fulcrum, then another weight, or power, 
of 8 pounds, would be equal to this, at the distance of 100 
inches from the fulcrum ; because 8 multiplied by 100 is equal 
to 800 ; and 100 multiplied by 8 is equal to 800, and thus 
they would mutually counteract each other. 

^ig* ^* Many instruments in com- 

mon use are on the principle 
of this kind of lever. Scis- 
sors, fig. 44, consist of two 
levers, the rivet being the 
fulcrum for both. The fin- 
gers are the power, and the 
cloth to be cut, the resist- 
ance to be overcome. 
Pincers, forceps, and sugar cutters, are examples of this 
kind of lever. 

A common scale-beam, used for weighing, is a lever, sus- 
pended at the centre of gravity, so that the two arms balance 
each other. Hence the machine is called a balance. The 
fulcrum, or what is called the pivot, is sharpened, like a 
wedge, and made of hardened steel, so as much as possible to 
avoid friction. 

Fig. 45. j^ dish is suspended by cords 

to each end or arm of the lever, 

I for the purpose of holding the 

— ^- */ ^ articles to be weighed. When 

the whole is suspended at the 
point a,- 45, the beam or lever 
'ought to remain in a horizontal 
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position, one of its ends being exactly as high as the other. 
If the weights in the two dishes are equal, and the support 
exactly in the centre, they will always hang as represented in 
the figure. 

A very slight variation of the pobt of support towards one 

What is the rule, for finding the proportions between the weight and 
power ? Give an illustration of this rule. What instruments operate 
on the principle of this lever ? When the scissors are used, what is the 
resistance, and what the power ? In the common scale-beam where is 
the fulcrum ? In what position ought the scale-beam to hang ? 
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^eti3 of the lever, will make a differerice in the weights em- 
ployed to balance each other. In weighing a pound of sugar, 
^ith a scale beam of eight inches long, if the point of support 
is half an inch too n^ar the weight, the buyer would be cheat- 
ed nearly one ounce, 'and consequently nearly one pound in 
• every sixteen pounds. This fraud might instantly be detected 
by changing the places of the sugar and weight, for then the 
difference would be quite material, since the sugar would then 
seem to want twice las much additional weight as it did really 
want. 

The steel-yard differs from the balance, in having its sup. 
'port near one end, instead of in the middle, and also in hav- 
ing the weights suspended by hooks, instead of being placed 
in a dish. 

^*ff' ^- If we suppose the beam to be 

SJ £ S ^ S e '^i'^^^^^^slong, and the hook, c, fig. 
'" y ■ J y -^ 46, to be one inch from the end, 
^r^ \ then the pound weight a, will re- 

Y -LJ a quire an additional pound at 5, 

y\ J for every inch it is moved from it. 

' — * *rhis, however, supposes that the 

bar will balance JtselJT,' before any weights are attached to it. 
In the kind of lever described, the weight to be raised is on 
one side of the fulcrmn, and the pjower on the othfer. Thus 
•the fulcrum is between the power ahd the weight. There is 
•another kind of lever, in the use of Which, the weight is jpla- 
ced between the fulcrum and the hand. In other words, the 
weight to be lifled, and the power by which it is moved are 
^he same side of the prop. 

^ig- 47. This arrangement is 

- represented by fig. 47, 
where lo is the weight, I 
the lever,/ l^e fulcrum, 
andp a pulley^oydr which 
a string is thrown, and a 
small weight suspended, 
aa the power. In the 
common use of a lever of 
the first kind, the force is 

How mtty a fraudulent scale-beam be made? How may the cheat 
be detected? How does the steel-yard differ from the balance? In 
the first kind of lever, where is the fulcrcum, in reepect to the weight 
r*nd power ? In the second kind jnrhere is. the ftilcrum, in respect to the 
vWeight und power ? 

7 
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gained by bearin|Dr down the long arm ofihe lev^r, which iM 
called prying. In the second kind the force is gained by 
carrying the long arm in a contrary direction, or upward, and 
this is called lifting. 

Levers of the second kind are not so common as the first, 
but are frequently used for certain purposes. The oars of a 
boat are examples of the second kind. The water against 
which the blade of the oar pushes, is the fulcrum, ^he boat is 
the weight to be moved, and the hands of the man the power. 
Two men carrying a load between them on a pole, is also 
an example of this kind of lever. Each man acts as the pow- 
er in moving the weight, and at the same time -each becomes 
a fulcrum in respect to the other. 

If the weight happens to slide on the pole, the man towards 
whom it goes, has to bear more of it in proportion as its dis- 
tance from him is less than before. 

A load at a, fig. 48, is borne 
^' * equally by the two men, being 

^ . ^ f^ . ,mm equally distant from each ; but 
at 6 three quarters of its weight 
would be on the man at that 
^qd, because three quarters of 
the length of the lever, would 
be on the side of the other man. 

In the third, and last kind of lever, the weight is placed at 
one end, the fulcrum at the other end, and the power between 
them, or the hand is betweep the fulcrum and the weight to be 
lifted. 

rig- 49. This is represented by fig. 

3-^ 49, where c is the fulcrum, a 

<^ the power, suspended over the 

JL pulley ft, and d is the weight 

,']a to be raised. 

^ ^^^^^ This kind of lever 'works to 

great disadvantage, since the 

power must be greater than 

^ the weight. It is therefore 

seldom used, except in cases 
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What Is the action of the first kindballed f What is the action of 
the second kind called f Gi^e examples of the second kind of lever. 
In rowing a boat, what is the fuleram, what the weight, and what the 
power? What other illostrations of this principle is given? In the 
third kind of lever, where «re the' respective, places of the weight, pow- 
er, and falerunt? 
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where Tdtocity And not force i» required. In raising a fauidtr 
from the ground to the roof a hou«e, men are obliged, eome- 
times to make use of this principle, and the great difficulty o§ 
raising the ladder illustrates the mechanical dlsadTantage of 
this kind of lever. 

We have now described the three kinds of levers, and we 
Iiope, have made the manner in which eadh kind acts, plain, 
by illustrations. But to make the dtfFerenee between them 
still more obvious, and to avoid all confusion, we will here 
compare them together. 

In the first kind, the weight, or resistance, is on the short 
arm of the lever, the power, or hand, on the long arm, and the 
fulcrum between them. In the second kind, the weight is 
between the fulcrum, and the hand, or power ; and, in the 
third kiiid^ the h%ad is between the fulcrum and the weight. 
Fig. 50. 



yig. 51.. 
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In fig. 50, the weight and hand both act downwards. In 
51, the weight and hand act in contrary directions, the hand 
upwards, and the weight downwajds, the weight being be- 
tween. In 52, the hand and weight also act in contrary di- 
rections, but the hand is between the fulcrum and the weight. 

What is the disadTantage of this kind of lever ? Give an example of 
the use of the third kind of lever. In what direction do the hand and 
weight act, in the first kind of lever ? In what direction do they act in 
the second kind ? In what direction do they act in the third k^d ? 
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Compound Len^., When several simple levers are eoBnei^ 
ed together, and act, one upon the other, the machine ieh 
called a cioftwp<ni,ndi l&^r. In this machine, as each lever act& 
as an individual, and with a force equal to the action of the 
next lever upon it, the force is increased or diminished, and 
becomes greater or less in proportion to the number or kind 
of levers employed. 

We will illustrate this kind of lever by a single example, 
but must refer the inquisitive student to more extended works 
for a full investigation of the subject. 

Fig. 63. Fig. 53, 



y d, 




represents a 
compound 
lever, con- 
sisting of 3.. 
simple lev- 
ers of the 
first kind. 

In calculating the fdrce of this lever, the same rule applies,, 
which has been given for the simple lever, namely, the length 
of the long arm is to be multiplied by the moving power, and 
that of the short one, by the weight, or resistance. Let us 
suppose, then, that the three levers in the figure are of the 
same leng^th, the long arms being six inches, and the short 
ones, two inches long, required, the weight which a moving 
power of 1 pound at a will balance at h. In the first place, 1 
pound at a, would balance 3 pounds at 6, for the lemer being 
6 inches, and the power 1 pound, 6X 1=6, and the short one 
being 2 inches, 2 X 3s=6. The long arm of the second lever 
being also 6 inches, and moved with a power of 3 pounds, 
tnultiply the 3 by 6sesl8; and multiply the length of the short 
arm being 2 inches, by 9s^l8. These two products being 
equal, the power upon the long arm of the third lever, at d^ 
would be 9 pounds. 9 pounds+6=34, and 27 X2, is 54 ; so 
that 1 pound at a would balance 27 at h. 

The increase of force is thus slow, because the proportion 
between the long, and short arms, is only as 2 to 6, or in the 
proportions of 1, 3, 9. 

What is a compound lever ? By what rale is the force of the com- 
pound lever calculated f How many povnds weight will be raised by 
three levers connected, of eight inches each, with the fulcrum two 
inches from the end, by a power of one pound f 
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Now suppose the long arms of these levers to be 18 inches, 
and the short ones 1 inch, and the result would be surprisingly 
different, then 1 pound at a, would balance 18 pounds at e, 
and the second lever would have a power of 18 pounds. This 
being multiplied by the length of the lever, 18 18=324 
pounds at d. The third lever would thus be moved by a power 
of 324 pounds, which, multiplied by 18 inches for the weight 
it would raise, would give 5832 pounds. 

Th© compound lover is employed in the construction of 
weighing machines, and particularly, in cases where great 
weights are to be determined, in situations where other ma- 
chines would be inconvenient, on account of their occupying 
too much space. 

WTieel and Ade, 

The mechanical power, next to the lever in simplicity, is 
the wJied and ode. It is however, much more complex than the 
lever. It consists of two wheels, one of which is larger than 
the other, but the small one passes through the larger^ and 
hence bodi have a common centre, on which they turn. 

The manner m which this 
=— « Machine acts, will be understood 
by fig. 54. The large wheel «, 
on turning the machine, will 
take up, or throw -off as much 
tnore rope than the small wheel 
or axle b, as its circumference is 
greater. If we suppose the cir- 
cumference of the large wheel 
to be four times that of the small 
one, then it will take up the rope 
four times as fast. And because 

a is four times as large as by 1 pound at d will balance 4 

pounds at c, on the opposite side. 

The principle of this machine is that of the lever, as will 

be apparent by an examination of fig. 55. 

If the long arms of the levers be 18 inches, and the short one, one 
inch, how much will a power of one pound balance f In what machines 
is the compound lever employed? What advantages do these machines 
possess over olihers? What is the next sidople mechanical power to 
theleverf Desoiibe this machine. Explain fi^. 54; On what princi- 
ple does this maehiae act ? 

7* 
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Fig. 55. 



This figure represents the machitie^ 
endwise, so as to show in what manner 
the lever operates. The two weights 
hanging in opposition to each other, the 
one on the wheel at a, and the other on 
I the axle at bj aet in the same manner a» 
if they were connected by the horizontal 
lever a b, passing from one to the other, 
having the common centre, c, as a fill- 
crum between them. 

T^e wheel and axle, therefore, acts 
like a constant succession of levers, the 
long arm being half the diameter of the 
wheel, and the short on^ half the diameter of the axle ; the 
common centre of both being, the fulcrum. The wheel and 
axle, has, therefore, been called ih» perpetual lever. 

The great advantage of this mechanical arrangement isf 
that while a lever of the same power, can raise a weight but a 
few inches at a time, and then oidy in a certain direction, thie 
ipachine exerts a continual force, and ii^ any direction wanted. 
To change the direction, it is only necessary that the rope by 
which the weight is to be raised, should be carried in a line 
perpendicular to the axis of the machine, to the place below 
which the weight lies, and there be let fall over a pulley, 




Fig. 56. 



Suppose the wheef 
and axle, fig. 56^ is 
erected in the third 
story of a store house, 
with the axis over the 
scuttles, or doors 
through the flo6rs, sa 
that goods can be raised 
by it from the groun(f 
floor, in the direction 
of the weight d. Sap. 
pose idsOf that the sdme 
sto^e stands on a wharf, 
wbere ships come up ta 



In fig. 55; which is the fplcruiki, and w^ich the tw(y aiiat of the lever ? 
What is this machine called, in reference to the principle on which it 
acts? What is the great advantage of this machine over the lever andr 
ether mechanical powers ? Describe fig. 56, and point out the mannep* 
in which weights can be raised by letting fall a rope over the pulley. 
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its fflde, and goods are to be removed from the vessels into the 
upper stories. Instead of removing the goods into the storey 
and hoisting them in the direction of a, it is only necessary to^ 
carry the rope i^, over the pulley c, which is at the end of a 
strong beam projecting out from the side of the store, and then 
the goods will be raised in the direction of dy thus saving the 
labor of moving them twice. 

The wheel $md axle, under different forms, is applied to a 
variety of cooimon purposes. 

Fig. 57. Yhe capstauyia universal user, on 

board of ships and other vessels, isr 
an axle placed upright, with a head, 
or drum, a, fig. 57, pierced with 
holesyforthe levers 5, c, d. The 
weight is drown by the rope e, pass- 
ing two or three times round the 
• axle to prevent its slipping. 

This 18 a very powerful, and con- 
venient machine. When not in use, 
the levers are taken out of their pla^r 
ces and laid aside, and when great force is required, two, or 
tlnree men can push at each lever. 

The common windlass for drawing water, is another modi- 
ficatioQ of the wheel and axle. The mneh, or cranky by 
which it is turned, is moved around by the hand, and there is 
no diti^erenee in the principle, whether a whole wheel is turned, 
or a single Spoke. The windlass, therefore, answers to the 
wheel, while the rope is taken up, and the weight raised by the 
axle, 89 already describedi 

^g- ^- In cases where gr^at 

weieht9 are to her raised, 
3 and It is required that the 
machine should be as 
Small as possible, on ac 
count of room, the simple 
wheel and axle, modified 
as represented by fig. 58, 
is sometimes used. 

The axle may be con- 
Isidered in two parts, one 




What in the capstan, where ils it chie^ ased ? What are thd pecti- 
liar advantages of this form of the wheel and axle ? In the common' 
Vmdlass, what part answers to* the wheel? 
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of which is larger than the other. The rope is attached by 
its two ends to the ends of the axle, as seen in the figure. 
The weight to be raised is attached to a small pulley, or wheel, 
round which the rope passes. The elevation of the weight 
may be thus described. Upon turning the axle, the rope is 
coiled around the larger part, and at the same time it is 
thrown off the smaller part. At €fvery revolution, therefore, 
a portion of the rope will be drawn up, equal to the circum- 
ference of the thicker part, and at the same time a portion, 
equal to that of the thinner part, will be let down. On the 
whole, then, one revolution of the machine will shorten the 
rope where the weight is suspended, just as much as the dif- 
ference between the circumference of the two parts. 

~ " Now to understand the principle on which 

this machine acts, we must refer to fig. 59, 
where it is obvious that the two parts of the 
rope a and b^ equally support the weight d, 
and that the rope, as the machine turns, pass- 
es from the small part of the axle e, to the 
large part h, consequently the weight does 
not rise in a perpendicular line towards e, the 
centre of both, but in a line between the onU 
sides of the large and small parts. Let us 
consider what would be the consequence of 
changing the rope a to the larger part of tho 
axle, so as to place the weight in a line per** 
pendicuiar to the axis of motion. In this case, 
it is obvious that the machine would be in equilibrium) since 
the weight d, would be divided between the two sides equally^ 
and the two arms of a lever passing through the centre c, 
would be of equal length, and therefore no advantage would 
be gained. But in the actual arrangement, the weight being 
sustained equally by the large and small parts, there is involv- 
ed a lever power, the long arm of which is equal to half the 
diameter of the large part^ while the short arm is equal to half 
the diameter of the small part, the fulcrum being between 
them. 

Explain fig; 58. Why is the rope shortened, and the weight raised ? 
What is the design of fig. 69 ? Does the weight rise perpendicular to 
the axis ef motion ? Suppose the cylinder was, throughout, of the same 
Hize, what would be the consequence ? On what principle does this 
machine act ? Which are the long, and short arms of the l«ver, and 
where is the fulcrum ? 
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As the wheel and axle is only a modification of the simple 
loYer, so a system of wheels aeting on each other, and trans- 
mhting the power to the resistance, is ooily another form o£ 
the <Sompound lever; 

Such a combination is 
shown at fig. 60. Tha 
first wheel, a, by means 
of the teeth, or cogs 
around its axle, moves 
the second wheel, 5,, 
with a force equal to thai, 
of a lever, the long arm 
of which extends from 
the centre of the wheel 
and axle to the circum-^ ■ 
feretice of the wheels 
where the power j), is 
suspended,, and the short 
arm fromth^ same centre to the ends of the cogs. ' The dot- 
ted line c, passing through the centre of the wheel a, shows 
the position of the lever, as the wheel now stands. The cen- 
tre on which both wheels turn, it will be obvious, is the ful- 
crum of this lever.. As the wheel turns,, the short arm of this, 
lever will act upon the long arm of the next lever by means of 
the teeth on the circumference of the wheel bf and this again 
through the teeth on the axle of 6, will transmit its force to 
the circun^erenee of the wheel d, and so by the short arm of 
the third lever to the weight Vf4 As the power, or small 
weight falls, therefore,, the resistance, w^ ia raised,, with the 
multiplied force of three levers, acting on each other. 

In respect to the force to be gained by such a machine^ 
suppose the number of teeth on the axle of the wheel a, to be 
six times less than the number of those on the circumference 
of the wheel b, then b would only turn round once, while ^ 
turned six times. And in like manner, if the number of teett 
on the circumference of d, be six times greater than those qh 
the axle of 6, then d would turn once, while b turned six 
times. Thus six revolutions of a would make i^ revolve once, 
and six revolutions of b, would make d revolve once. There- 
fore a makes thirty-six revolutions, while d makes only one. 

On what principle does a system of wheels act, as represented in ftg*. 
60? Explain %. 60i and show how the power, |y, i« transferred, by th» 
action of levers iotp. 
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The diitmetei' of the wheel a, heing three timei^ the dinne- 
ter af the axle of the wheel d, and its velocity of motioD being 
36 to 1, 3 times 36 will give the weight whieh a power of 1 
pound at j?, would raise at w. Thus 36xds=l08. One- 
pound atp would therefore balance 108 pounds attv. 

If the student has attended closely to what has been said 
on mechanics, he will now be prepared to understand, that 
no machine, however simple or complex it may be, can create 
the least degree of force. It is true that one roan with a 
machine, may apply a fbree which a hundred could not exert 
with their hands, but then it would take him a hundred times 
as long. 

Suppose there are twenty blocks of stone to be moved a 
hundred feet ; perhaps twenty men, by taking each a block, 
would move them all in a minute. One man, with a capstan, 
we will suppose, may move them all at once, but this mstn,. 
with his lever^ would have to make one revolution for 
every foot he drew the whole load towards him, and there- 
fore to make one hundred revolutions to perform the whole 
work. It would also take him twenty times as long to do it, 
as it took the twenty men. His task, indeed, would be more 
than twenty times harder than that perfbrnied by the twenty 
men, for in addition to moving the stone, he would have the 
friction of the machinery to overconne, which commonly 
amounts to nearly one third of the force employed. 

Hence there woutd be an actual loss of power by the use of 
the eaptan, though it might be a convenience for the one 
man to do his work by its means, rather than to call in nine- 
teen of his neighbours to assist him. 

The same principle holds good in respect to other machi- . 
nery, where the strength of main is employed as the power, or 
prime mover. There is no advantage gained^ except that of 
convenience. In the use of the most simple of all machines, 
the lever, and where, at the same time, there is the least force 
lost by friction, there is no actual gain of power, for what 
seems to be gained in force is always lost in velocity. Thus 
if a lever is of such length to raise 100 pounds an inch by 
the power of one pound, its long arm must pass through a 

What weight will one pound at />, balance at tr ? Is there any actual 
power gained by the use of machinery ? Suppose 20 men to move 20 
stones to a certain distance with their hands, and one man moves them 
back to the same place with a capstan, which performs the most actual 
labor? Why? Why then is machinery a convenience? 
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space -of 100 incbes. Thus what is gained in one way is 
lost in another. 

Any power by which a machine is moved, must be equal to 
the resistance to be overcome, and, in all cases where the 
power descends, there will be a proportion between the velo- 
dty with which it moves downwards, and the velocity with 
which the weight moves upwards. There will be no differ- 
ence in this respect, whether the machine be simple or com- 
pound, for if its force be increased by increasing the number 
of levers, or wheels, the velocity of the moving pcfwer must 
also be increased, as that of the resistance is diminished. - 

There being, then, always a proportion, 'between the velo- 
city with which the moving force descends, and that with 
which the weight ascends, whatever this proportion may be, 
it is necessary that the power should have to the resistance 
the same ratio that the velocity of the resistance has to the 
velocity of the power. In other words, " The power mtUH- 
plied by the space through which it moves, in a vertical direc- 
tion, must be equal to the weight mttUipUed by the space through 
which it moves in a 'vertical dUrection,^' 

This law is known under the name of <<the law of virtual 
velocities," and is considered the golden ride of ^mechanics. 

This principle has already been explained, while treating 
of the lever, but that the student should want nothing to assist 
him in clearly comprehending so important a law, we will 
again illustrate it in a different manner. 

Fig. 61. Suppose a weight of ten pounds to be 

\ ^f/suspended on the short arm of the lever^ 

^^^\ fig* 61, and that the fulcrum is only one 

, C^^f^^ j inch from the weight ; then, if the lever be 
1^ / *®° inches long, on the other side of the 

1^ / fulcrum, one pound at a would raise, or 

^^\ / balance, the ten pounds at &. But in raising 

\^ the ten pounds sne ineh in a vertical direc- 

tion, the long arm of the lever would fall 

In the use* of the lever, what proportion is there between the force of 
the ihort «nn, and the velocity of the long ^m .^ How is this illustra- 
ted .' It is said, that the vdocity of the power downwards, must be in 
proportion to that of the weight^pwards f Does it make any differ- 
ence, in this respect, whether the machine he simple or compound ^ 
What is the golden rule of mechanics .^ Under what name is this law 
known .' Es^plain fig. 61, mid show how the r«4e is illustrated by that 
-figure. 
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ten inches in a vertical direction, and therefore the velocity 
of a would be ten times the velocity of i^. 

The application of ibis law, or rule, is apparent. The pow- 
er is 1 pound, and the spaee through which it falls is 10 inch- 
(^s, therefore 10X1^^10. The weight is 10 pounds, and the 
apace through which it rises is one inch, therefore 1 X 10=10. 

Thus the power, multiplied by the space through which it 
«moves, is exactly equal to the weight, multiplied by thcspaee 
through which it moves. 

^'^* ^* Again, suppose the lever, 

fig. 62, to be thirty inches 
long, from the fulcrum to the 
point where the power |> is 
suspended, and that the 
weight w is two inches from 
^ the fulcrum. If the power 
j be J pound, the weight must 
i be fifteen pounds, to produce 
/ equilibrium, and the power 
/ P must fall thirty inches, to 
/ raise the weight to two inch- 
es. Therefore the power 
'being 1 pound, and the space 30 inches, 30x1=30. The 
Weight being 15 pounds, and the space 2 inches, 15X2=30. 
Thus the power, multijllied by the space through Whfch it 
falls, and the weight, multiplied by the space through which 
it rises, are equal. 

However complex the mabhine may be, by which the force 
of a descending power is transmitted to the weight to be raised, 
the same rule will apply, as it does to the action of the sim^ 
pie lever. 

the Ptdietf. 
A pulley, consists of a wheel, which is grooved on the edge^ 
land which is made to turn on its axis, by a cord passing 
over it. 

Explftin fig. 62, and show how the same rale is iUastrated by it. 
iWhat is said of the «ppUe«tiQn of this rule to complex machines? 
What is a;p^lle7 ? 




PITLLBT. 



61 




Fig. 63. Fig. 63, represents a simple pulley, 

with a single fixed wheel. In other 
forms of the machine, the wheel moves 
up and down, with the weight. 

The pulley is arranged among the 
simple mechanical powers, hut when 
several are connected, the machine is 
called a system of pullies, or a compound 

O^pul^y. 
Y^ One of the most ohvious advantages 
) of the pulley is, its enabhng men to exert 
their own power, in places, where they cannot go themselves. 
Thus, by means of a rope and wheel, a man can stand on the 
decR of a ship, and hoist a weight to the topmast. 

By means of two fixed pullies, a weight may be raised up- 
ward, while the power moves in a horizontal direction. The 
weight will also rise vertically through the same space that 
the rope is drawn horizontally. 

Fig 64. Fig. 64 represents two fixed 

pullies, as they are arranged for 
such a purpose. In the erec- 
tion of a lofly edifice, suppose 
the upper pulley to be suspend- 
ed to some part of the building ; 
then a horse, pulling at the rope 
a, would raise the weight w 
vertically, as far as he went 
horizontally. 
-^ In the use of the wheel of the 
\ pulley, there is no mechanical 
' advantage, except that which 
arises from removing the friction, and diminishing the imper- 
feet flexibility of the rope. 

In the mechanical effects of this machine, the result would 
be the same, did it slide on a smooth surface with the same 
ease that its motion makes the wheel revolve. 

The action of the pulley is on a different principle from that 
of the wheel and axle. A system of wheels, as already ex> 
plained, aets on the same principle as the compolind lever. 

What 18 a simple pulley ? What is a system of pullies, or a com- 
pound pulley ? What is the most obvious advantage of the pulley ? 
How must two fixed pullies be placed, to raise a weight vertically, as 
far as the power goes horizontally ? What is the advantage of the- 
wheel of the pulley ? 

8 
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But the mechanical efficacy of a system of pulUes^ is derived 
entirely from the division of the weight among the strings em- 
ployed in suspending it In the use of the aingie Jixed pulley, 
there can be no mechanical advantage, since the weight rises 
as fast as the power descends. This is obvious by fig. 63 ; 
where it is also apparent that the power and weight must be 
exactly equal, to balance each other. 

Fig. 65. lu the single moveable pulley, ^g. 65, the 

^ same rope passes from the fixed point a, to 

^ the power p. It is evident, here, that the 
^ weight is supported equally by the two parts 
of the string between which it bangs. 
Therefore, if we call the weight ic, ten 
pounds, five pounds will be supported by 
one string, and five by the other. The pow- 
er, then, will support. twice its own weight, 
so that a person pulling with a force of five 
pounds at p, will raise ten pounds at w. 
The mechanical force therefore, in respect 
to the power is astwo to one. ^ i^M> 
In this example, it is supposed there are only 
7 two ropes, each of which bears an equal part of 
^ the weight. 

If the number of ropes be increased, the 
weight may be increased, with the same power ; 
or the power may be diminished in proportion 
as the number of ropes is increased. In fig. 
66, the number of ropes sustaining the weight, 
is four, and therefore, the weight may be four 
times as great as the power. This principle 
must be evident, since it is plain that each rope 
sustains an equal part of the weight. The 
weight may therefore be considered as divided 
into four parts, and each part sustained by one 
rope. 

In fig. 67, there is a system of pullies repre- 
resented, in which the weight is sixteen times 
the power. 
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How does the action of the pulley differ from that of 
the wh)Bel and axle ? Is there any mechanical ad van- 
ta^ in the fixed pulley ? What weight at /», %. 65) 
wUl balance ten pounds at va ? Suppose the number of 
ropes to be increased, and the weight increased, must 
the power be increased, also ^ 
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^r« *''• The tension of the rope d, e, is 

J evidently equal to the power, p, be- 
cause it sustains it: d, being a 
moveable pulley, must sustain a 
weight equal to twice the power ; 
but the weight which it sustains, 
is the tension of the second rope, 
dy c. Hence the tension of the se- 
cond rope is twice that of the first, 
and, in like manner, the tension of 
the third rope is twice that of the 
second, and so on, the weight being 
equal to twice the tension of the 
last rope. 

Suppose the weight w, to be six- 
teen pounds, then the two ropes 
8 and 8 would sustain just 8 pounds 
each, this being the whole weight 
divided equally between them. 
The next two ropes, 4 and 4, 
would evidently sustain but half 
this whole weight, because the 
other half is already sustained by 
a rope, Hxed at its upper end. The next two ropes sustain 
but half of 4, for the same reason ; and the next pair, 1 and 
1 for the same reason, will sustain only half of 2. Lastly, 
the power jp, will balance two pounds, because it sustains but 
half this weight, the other halt being sustained by the same 
rope, fixed at its upper end. 

It is evident, that in this system, each rope and pulley 
which is added, will double the effect of the whole. Thus, 
by adding another rope ,and pulley beyond 8, the weight w 
might be 32 pounds, instead of l^^ and still be balanced by 
the same power. 

In our calculations of the effects of pullies, we have allowed 
nothing for the weight of the pullies themselves, or for the 
friction of the ropes. In practice, however, it will be found, 

Sappose the weig^ht, figr. 66* to be 32 pounds, what will each rope 
bear? Explain figr. 67, and show what part of the weight each rope 
sofltainB, and why 1 pound at p, will balance 16 pounds at w. Explain 
the reaeen why each additionid rope and pulley will double the effect 
of the whole, or why its weight may be double by that of all the oth- 
ers, with the same poww. 
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that nearly one third must be allowed for fHctioh, and that 
the power, therefore, to actually raise the weight must be 
about one third greater than has been allowed. 

The pulley, like other machines, obeys the law of virtual 
velocities, already applied to the lever and wheel. Thus, «« in 
a system t^pullies, the ascent of the weight, or resistance^ is 
as much less, than the descent of the power, as the weight is 
greater than tlie power," If, as in the last example, the weight 
is 16 pounds, and the power 1 pound, the weight will rise 
only one foot, while the power descends 16 feet. 

In the single fixed pulley, the weight and power are equal, 
and consequently, the weight rises as fast as the power de- 
scends. 

With such a pulley, a man may raise himself up to the 
mast head by his own weight. Suppose a rope is thrown 
over a pulley, and a man ties one end of it round his body, 
and takes the other end in his hands. He may raise himself 
up, because, by pulling with his hands, he has the power of 
throwing more of his weight on that side than on the other, 
and when he does this, his body will rise. Thus, although 
the power and the weight are the same individual, still the 
man can change his oentre of gravity, so as to make the pow- 
er greater than the weight, or the weight greater than the 
power, and thus can elevate one half his weight in succession 

The Inclined Plane, 
The fourth simple mechanical power is the inclined plane. 
Fig. 68. This power consists of a plain, 

smooth surface, which js inclined 
towards, or from the earth. It is 
represented by fig. 68, where from 
a to & is the inclined plane ; the 
line from d to a, is its height, and 
that from h to d, its base, 

A board, with one end on the 
ground, and the other end resting 
on a block, becomes an inclined plane. 

This machine, being both useful and easily constructed, is 
in very general use, especially where heavy bodies are to be 
raised' only to a small height. Thus a inan, by means of an 

In compound mbchines, how much of the power must be allowed for 
the friction ? How may a man raise himself up by means of a rope and 
single fixed pulley ? What is an inclined plane ? 
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Fig. 69. 



inclined plane, which he can readily conetruct with a board, 
or couple of bars, can raise a load into his wagon, which ten 
men could not lift with their hands. 

The power required to force a given weight up an inclined 
plane^ is in a certain proportion to its height, and the length of 
its base, or, in other words, the force must be in proportion to 
the rapidity of its inclination^ 

The power p, fig. 60^ 
piillihg a weight up the 
inclined plane, from c to 
d, only raises it in a per- 
pendiculardirection from 
6 to<^ by acting along 
the whole length of the 
plane. If the plane be 
twice as long as it is high, 
that is, if the line from c to d be double the length of that from 
e to 1^ then one pound at p will balance two pounds any where 
between d and c. It is evident, by a glance at fig. 69, that 
were the base, that is, the line from e to c lengthened, the 
height from e to d being the same, that a less power at p, 
would balance an equal weight any where on the inclined 
plane ; and so on the contrary, were the base made shorter, 
that is the plane more steep, the power must be increased in 
proportion. 




Fig. 70. 




Suppose two inclined planes, 
fig. 70, of the same height, 
with bases of different lengths ; 
then the weight and powef, 
will be to each other as the 
length of the planes. If the 
length from a to 6, is two feet, 
and that from 5 to c, one foot, 
then two pounds at d, will balance four pounds at w, and so in 
this proportion, whether the planes be longer or shorter. 

The same principle, with respect to the verticle velocities 
of the weight and power applies to the inclined plane, in com- 
mon with the other mechanical powers. 

On what occanons is this power chiefly used ? Suppose a man wanti 
to load a barrel of cider into his waggon, how does he make an inclined 
plane for ihia purpose ? • To roll a given weight up an inclined plane, 
to what must the force be proportioned? Explain fig. 69. If the 
length of the long plane, fig. 70, be double that of the short one, what 
must bo the proportion between the power and the weight? 

8* 
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IMg. 71. 8upposetkeiiie1iB«d plane, fig. 

71, to be two feel from a to by and 
one foot from c to ft, then, as we 
have already seen by fig. 69, apow. 
er <^ one pound at p, would bal. 
ance a weight of two pounds at w. 
Now in the fall of the power to 
draw up the weight, it is obvious 
that its verticle decent must be just 
yj^^wice the verticle ascent of the 
weight ; for the power must fall 
down the distance from a to &, to draw the Weight that dis- 
tance ; but the vetticel height to which the weight to, is raised, 
is only from c to^. Thus the power, being two pounds, roust 
iall two feet, to raise the weight, fi)ur pounds, one foot. Thus, 
the power and weight, multiplied by the several velocities, 
are equal. 

The Wedge. 
The next simple mechanical power is tbe y)0dge. This 
instrument may be considered as two inclined planes, placed 
base to base. It is much employed for the purpose of split- 
ting, or dividing solid bodies, such as Wood and stone. 



Fig. 72. 



Fig. 72 represents such a wedge, as is usually 
^employed in cleaving timber. This instrument is 
also used in raising ships and preparing th^m to 
launch, and for a variety of other purposes. 
Nails, awJs, needles, and knany cutting instru- 
ments, act on the principle of the wedge. 

There is much difficulty in estimating the pow. 
erof the wedge, since this depends on the force, 
or the number of blows given it, together with 
the obliquity of its sides; A wedge of great ob- 
liquity Would require hard blows to drive it for- 
ward, for the same reason that a plan^ much in- 
clined, requires much force to roll a heavy body 
up it. But were the obliquity of the wedge, and 



What 18 said of the lapplicatioB of the law of veiUcal velocities «b 
the inclined plane ? Explain fig. 70, and shew tvhy the power must 
fall twice as far as the weight rises. On what principle does the wedge 
act? In what cases is this power useful? W hat common instruments 
act on the principle of the wedge? IV hat difficulty is thetB in eetiuA- 
ting the power ^f the wedge ? 
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the force 6f each blow given, 0tUl it Woald be difficult to m^ 
certain the e^aci power of the wedge in ordinary cades, for in 
the flatting of timber, and stone, for instance, the divided 
parts act as levers, and thits greatly increase the power of the 
wedge. Thus, in a log of wood, siic feet long, when split 
one half of its length, the other half is divided with ease, b^. 
cause the two parts act as levers, the lengths of which con- 
stantly increase, as the cleft extends from the wedge. 

The Screw, 
The screw is the fifth and last simple mechanical power. 
It may be considered as a modification tof the inclined plane, or 
as a winding wedge. It is an inclined plane ruhning spirally 
Fiff. 73; iround a spindle, as will be obvious 

by fig. ^^3. Suppose a to be a piece 
•^d of paper cut into the form of an in- 

clined plane^ and rolled round the 
piece of wood d; its edge would 
form the dpiral line, called the 
thread of the screw. 

If the finger be placed between 
the two threads of a screw, and the 
screw be turned round onbe, the 
finger will be raided upward equal to the distance of the tw6 
threads apart. In this manner the fihger is raised up the in- 
clined plane, as it runs round the cylinder. 




Fig. 74. 




The power of tlie screw is trans, 
mitted and eniployed by means of 
another screw called the nuty through 
which it passes; This has a spiral 
groove running through it, whi^ch 
exactly fits the thread of the screw. 

If the nut is fixed, the screw itself, 
on turning it round, advances forward ; 
but if the screw is fixed, the nut, when 
turned, advances along the screw. 

Fig. 74 represents the first kind bf 
^rew, being such as is commonly 
used in pressing paper, and othet sub; 



On what principle does the screw act ? How is it shown that the 
screw is a modification of the inclined pliuve ? Explain fig. 74. Which 
is the scr«w, and which the nut? 
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stances. The nut n, through which the screw passes^ an- 
swers also for one of the beams of the press. If the screw be 
turned to the rights it will advance downwards, while the nut 
stands still. 

Fig. 76. A screw, of the second kind is 

^ ' represented by fig. 75. In this, 

the screw is fixed, while the nut n 
by being turned by the lever I, from 
r lefl to right, will advance down th^ 

J screw. 

In practice the scr^w is never 
used as a simple hiechanical ma- 
chine ; the power being always ap- 
plied by means of a lever, passing 
through the head of the screw, as 
in fig. 74, or into the nut, as in fig. 
75. 

The screw, therefore, acts with 
the combined power df the inclined plane and the lever, and 
its force is such as to be limited only by the strength of the 
materials of which it is made. 

In investigating the efiects of this machine, we must, there- 
forb, take into account both these simple mechanical powers, 
so that the screw now becomes roally a compound engine. 

In the inclined plane, we have already seen, that the less 
it is inclined, the more easy the ascent up it. In applying the 
same principle to the screw, it is obvious, that the greater the 
diistance of the threads from each other, the more rapid the 
inclination, and consequently, the greater must be the power 
to turn it, under a given weight. On the contraiy, if the 
thread inclines downwards but slightly, it will turn « with less 
power, for the same reason, that a man can roll a heavy weight 
up a plane but little inclined. Therefore, the finer the screw, 
or the nearer the threads to feach other, the greater will be the 
pressure under a given power. 

Let us suppose two screws, the one Having the threads one 
inch apart, and the other half an inch apart ; then the force 
which the first screw will give with the same power at the 

Which way must the screw be turned, to make it advance through 
the nut ? How does the screw, fig. 75, differ from fig. 74 ? Is the 
screw ever used as a simple machine? By what other simple power is 
it moved ? What two simple mechanical powers are concerned in the 
force of the screw ? W hy does the nearness of the -threads make a 
-difference in the force of the screw ? 
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lever will be only half that given by the second. The second 
screw roust be turned twice as many times round as the first, 
to go through the same space, but what is lost in velocity is 
gained in power. At the lever of the first, two men would 
raise a given weight to a ffiven height by making one revolu- 
tion ; while at the lever of the second, one man would raise 
the same weight to the same height, by makiilg two revolu. 
tions. i 

It is apparent that the length of the inclined plane, up 
which a body moves in one revolution, is the circumference 
of the screw, and its height, the interval between the threads. 
The proportion of its power would therefore be " as the cir- 
cumference of the screw, to the distance between the threads, 
80 is the weight to the power." 

By this rule, the power of the screw alone can be found ; 
but as this machine is moved by means of the lever, we must 
estimate its force by the combined power of both. In this 
case, the circumference described by the end of the lever em- 
ployed, is taken, instead of' the circumference of the screw 
itself^ The means by Which the force of the screw may be 
found, is therefore by multiplying the circumference which' the 
lever describes by the power. Thus " the power multiplied 
by the circumference which it describes, is equal to the weight 
or resistance^ multiplied by the distance between the two conti§» 
nous threads J* Hence the effickcy of the screw may be in- 
creased, by increasing the length of the lever by which it is 
turned, or by diminishing the distance between the threads. 
If then, we know the length of the lever, the distance between 
the threads, and the weight to be raised, we can readily cal- 
culate the power ; or, the power being given^ and the distance 
of the threads and the length of the lever known, we can es- 
timate the weight the screw will raise. 

Thus,si]tppose the length of the lever to be forty inches, the 
distance of tbe threads one inch, and the weight 8,000 pounds ; 
required the power, at the end of the lever, to raise the weight. 

The lever being 40 inches, the diameter of the circle, which 

S appose one screw, with its threads one inph apart, and another half 
an inch apart, what will be their difference in force ? What is the length 
of the inclined plane up which a body moves by one revolution of the 
screw ? What woald be the height to which the same body would move 
at one revolution ? How is the force of the screw estimated ? How 
may the efficacy of the screw be increased ? The length of the lever, 
the distance between the threads, and the weight, being known, hoT^ 
can ^e power be found f Give an example. 
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the end describes, is 80 inches. The circumference is a lit. 
tie more than three times the diametef, but we will call it 
just three times. Then 80x3=240 inches, the circumfer- 
ence of the circle. The distance of the threads is 1 inch, and 
the weight 8,000 pounds. To find the power, multiply the 
weight by the distance of the threads, and divide by the cir* 
cumference of the circle. Thus 

circum. in. weight, power. 

240 X 1 : : 9000 = 33^ 

The power at the end of the lever must therefore be 33i 

pounds. In practice this power would require to be increas- 

ed about one third, on account of friction. 

The force of the screw is sometimes employed tb turn a 
wheel, by acting on its teeth. In this case it is called the 
ferpetual screw, 

J,. pjQ Fig. 76 represents such a ma. 

^ chine. It is apparent, that by tura- 

'II I pTp^ "^^ *^® crank c, the wheel will re. 

J] volve, fof the thread of the screw 
passes between the cogs of the 
wheel. By means of an axle, 
through the centre of this wheel, 
like the common wheel and axle, 
this becomes an exoeedingly pow« 
erful machine, but like all other 
contrivances for obtaining great 
)[>ower, its effective motion is ex- 
ceedingly slow. It has however 
some disadvantages, and particularly the great friction hist ween 
the thread of the screw and th^ teeth of the wheel, which pre- 
vents it from being generally employed to raise weights. 

We have now enumerated and described all the mechanic 
oal powers usually denominated simple. They are five in 
number, namely, the Lever, Wheel and Axle, Pulley, Wedge, 
Inclined Rane, and Screw. 

In respect to the principle on which they act, they tnay be 
resolved into three i^imple powers, namely, the lever, the in- 
clined plane, and the pulley ; for it has been shown that the 
wheel and axle is only nnother form of the lever, and that the 
screw is but a modification of the inclined plane. 

What is the scre^ called when il is employed to turn a wheel ? What 
11 the objection to this machine for raising weights ? How many sim* 
pie mechanical powers are there ? and what are they called? How can 
they be resolved into Ihree simple i^owerb ? 
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ttis 8urpri«iag indeed, that these simple powers can be so 
nurraoged and modified as to produce the different actions in 
all that vast variety of intricate machinery which men have 
invented and constructed. 

The variety of motions we witness in the little engme which 
makes cards, by being supplied with wire for the teeth, and 
strips of leather tp stick them through, would itself seem to 
involve more mechanical powers than those enumerated. 
This engine takes the wire from a reel, bends it into the form 
of teeth ; cuts it off; makes two holes in the leather for the 
tooth to pass through ; sticks it through ; then gives it another 
hend, on the opposite side of the leather ; graduates the spa- 
ces between the rows of teeth, and between one tooth and ' 
another ; and at the same time carries the leather backwards 
§nd forwards, before the point where the teeth are introduced, 
with a motion so exactly corresponding with the motions of 
the parts which make and stick the teeth, as not to produce 
the difference of a hair's breadth in the distance between 
them. 

All this is done without the aid of human hands, any far- 
ther than to put the leather in its place, and turn a crank ; or 
in some instances many of these machines aie turned at once, 
by means of three or four dogs, walking on an inchned plane 
which revolves. 

Such a machine displays the wonderful ingenuity and per- 
severance of man, and at first sight would seem to set at 
naught the idea that the lever and wheel were the chief sim- 
ple powers concerned in its motions. But when these mo- 
tions are examined singly and deliberately, we are soon con- 
vinced that the wheel, variously modified, is the principal me- 
chanical power in the whole engine. 

It has already been stated, that notwithstanding the vast 
deal of time and ingenuity which men have spent on the con- 
struction of machinery, and in attempting to multiply their 
powers, there has, as yet, been none produced, in which the 
power was not obtained at the expense of velocity, or veloci- 
ty at the expense of power ; and therefore no actual force is 
ever generated by machinery. 

Suppose a man able to raise a weight by means of a com- 
pound pulley of ten ropes, which it would take ten men to 

What is said of the eard-making machine f What are the chief me^ 
chanical powers concerned in its motions ** Is there any actual forc« 
generated by machinery? Can great velocity and great force be produ- 
ced by the same machinery? Why notf 
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raise by one rope, without pulleys. If the weight is to be 
raised a yard, the ten men by pulling their rope a yard will do 
the work. But the man with the pulleys must draw his rope 
ten yards to raise the weight one yard, and in addition to this, 
he has to overcome the friction of the ten pulleys, making 
about one third more actual labor than was employed by the 
ten men. But notwithstanding these inconveniences, the use 
of machinery is of vast importance to the world. 

On board of a ship, a few men will raise an anchor with a 
capstan, which it would take ten or twenty times the same 
number to raise without it, and thus the expense of shipping 
men expressly for this purpose is saved. 

One man with a lever, may move a stone which it would 
take twenty men to move without it, and though it should take 
him twenty times as long, he would still be the gainer, since 
it would be more convenient, and less expensive for him to do 
the work himself, than to employ twenty others to do it for 
him. 

When men employ the natural elements as a power to over- 
come resistance by means of machinery, there is a vast saving 
of animal labor. Thus mills, and all kinds of engines, which 
are kept in motion by the power of water, or wind, or steam, 
save animal labor equal to the power it takes to keep them in 
motion. 



HYDROSTATICS. 

Hydrostatics is the science which treats of the weight, 
pressure, and equilibrium of water, or other fluids, when in a 
state of rest. 

Hydratdics is that part of the science of fluids which treats 
of water in motion, and the means of raising and conducting 
it in pipes or otherwise, for all sorts of purposes. 

The subject of water at rest, will first claim investigation, 
since the laws which regulate its motion will be best under- 
stood by first comprehending those which regulate its prest 
sure. 

A jluid is a substance whose particles are easily moved 
among each other, as air and water. 

Which performs the greatest labor, ten men who lift a weight with 
their hands, or one man who does the same with ten pulleys i Why ? 
What is hydrostatics ? How does hydraulics differ from hydrostatics f 
What is a fluid? 
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The air is called an eUuiic fluid, because it is easily oom- 
>,piessed into a smaller bulk, and returns again to its original 
.state whea the pressure is removed. Water is called a mm- 
elastic fluid, because it admits of little diminution of bulk un- 
der pressure. 

The non elastic fluidjs, are perhaps more properly called 2t. 
quids, but both terms are employed to signify water and other 
bodies possessing its mechanical properties. The term fluid, 
when applied to the air, has the word elastic before it. 

One of the most obvious propertiesof fluids, is the facility with 
which they yield to the impressions of other bodies, and the 
rapidity with whtch they recover their former state, when the 
pressure is removed. The cause of this, is apparently the 
freedom with which the particles of liquids «lide over, or among 
•each other ; their cohesive attraction being so slight as to be 
overcome by that of gravity. On this want of cohesion among 
their particles seem to depend the peculiar mechanical pro- 
perties of these bodies. 

In solids, there is such a connection between the particles, 
that if one part moves, the other part must move also. But 
in fluids, one portion of the mass may be in motion, while the 
other is at rest. In solids, the pressure is always downwards, 
or towards the centre of the earth's gravity ; but in fluids the 
particles seem to act on each other as wedges, and henoe 
when confined, the pressure is sideways, and even upwards, 
as well as downwards. 

.Tig, 77. Water has commonly been called a non-elastic sub- 
stance, but it is found that under great pressure its 
volume is diminished, and hence it is proved to be 
elastic. The most decisive experiments on this suh- 
i ject were made within a few years by Mr. Perkins. 
The experiments were made by means of a hollow 

i cylinder, fig. 77, which was closed at the bottom, and 
^made water tight at the top, by a cap, screwed on. 
Through this cap at a, passed the rod 5, which wais 
five sixteenths of an inch in diameter. The rod. was 
so nicely fitted to the cap, as also to be water tight. 
Around the rod at c, there was placed a flexible ring, 
which could be easily pushed up or down, but fitted 
so closely as to remain on any part where it was pla- 
ced. 

What is an elastic fluid ? Why is air called an elastic fluid ? What 
.fttbstances are called liquids ? What is one of the most obvious prop^- 
erties of liquids ? Oq whjit do the peQuUar mechanical properties qf 
. fluids depend ? 9 
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Acannonof soiifieient sizetb tecei^e this cylinder, iirtiicli 
was thre^e inches in diameter, was furnished with a strong 
cap and forcing purap, and set vertically into the ground. The 
cannon and cylinder w^e next filled with water, and the cy. 
Under, with its rod dirawn out, and the ring placed down to 
the cap, as in the figure, was plunged into the cannon. The 
water in the cannon was then subjected to an immense pres- 
sure by means of the fof^ing pump, after which, on examina- 
tion of the apparatus^ it was found that th^ ring c, instead of 
'being where it was placed, was eight inches up the rod. The 
water in the cylinder being compressed into a smaller space, 
by the pressiiTre of that in the cannon, the rod was driven in, 
While under pressure, l^ut was forced out again by the expan- 
sion of the water, when the pressure wasTemoved. Thus the 
ring on the rod would indicate the distance to which it had 
been forced in, during the greatest pressure. 

This experiment proved that "water under the pressure of 
one thousand atmospheres, that is the weight of 15000 pounds 
to the square inch, was reduced in bulk about one part in 
24. 

So slight a degree of elasticity under such immense pres- 
sure, is not appreciietble under ordinary circu instances, and 
therefore isi practice, or in common experiments on this fluid, 
water is 'considered as non-elastic. 

Equal pressure of Water, 

The particles of water, and ottier fluids, when confined, 
press on the vessel which confines them, in all directions, both 
upwards, downwards, and sideways. 

From this property of fluids, tbgether with their weight, or 
gravity, very unexpected and surprising eflects are produced. 

The eflect of this property, which we shall first examine is, 
that a quantity of water, however small, iviil balance another 
quantity however large. Such a proposition at first thought 
might seem very improbable. But on examination, we shall 
find that an experiment with a very simple apparatus will con- 
vince any one of its truth. Indeed, we every day see this 
principle established by actual experiment, as will be seen di- 
rectly. 

In what respect'dods Uie preisure of & fluid diifer frbm that of a sol- 
id? Is water an elastic, or a Don-elastic fluid f Describe fig. 77, and 
shew bow water was found to bo elastic. In what proportion does the 
t)ulk of water diminish undei; a pressure of 15000 pounds to the square 
inch 1 In common experiments, is water considered elastic, or non- 
elastic ? .When water 



experiments, is water considered elastic, or n 
er is confined, in what direction does it prcw? 
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Pig. 78 representwa common coffee-pot, 
sapposed to fee Mled up to the dotted line a, 
vith a decoction of coffee, or any other li- 
quid. The cofee^we know, stands exaet. 
ly at the same height both in the body of the 
pot, a,nd in its spout. Therefore the small 
quantity in the spout balances the large 
quantity in the pot, or presses with the same 
force downwards, as that in the body of the pot press- 
es upwards. This is obviously true, otherwise, the large 
quantity would sink below the dotted line, while that 'u\ the 
spout would rise above it, and run over. 

Fig. 79. »p|je gan,e principle is more strikingly 

illustrated by fig. 79. 
. Suppose the cistern a tp be capable 

~^ of holding one hundred ga^lonfl, »nd into 
: \ts bottom there be fitted the tube b, bent as 
^ s^en 11^ the figure, and capable of eomftm. 
ing one gallon. The tops of tlie; eisleni 
and tube beitfg open, po^r ^ater into tk^ 
tube at c, and it uHll rise op tlmnigh the 
pef pendtcular bend into tL^ cistern, and if 
the process be continued, the cistern Will 
be filled by pouring water into the tube. Now it i^ plain that 
the gallon of water in the tube, presses against the hdndred 
gallons in tbe cistern with a force equal to the presBoreof the 
hundred gallons, otherwise that in the tube weuld \^ forced 
upwards higher than that in tbe cisteiti, whereas w^ find that 
the surfaces of both stand exactly at the same height. 

From these experiments we learn, '< that the prtiswre ijf a 
Jknd is noiin proportion to its ^arUUyy but to Us keighty and 
that a large quantity of water in an open vessel, presses doum- 
toards no more than a smaU quantity of the same height, " 

In this respect, the size or shape of a vessd is of no eon- 
sequence, for if a number of vessels differing entirely from 
each other in figure, position, and capacity, have a communtcai. 
tiou made between them, and one be filled with water, the styr-r 

How does the experiment with the cofiee pot shew that a smaJl qou). 
tity of liquid will balance a large one f Explain fig. 79, and shew how 
the pressure in the tube is equal to the pressure in the cistern. What 
conclusion, or general truth, is to be drawr^ from these experiments ? 
What difference does tbe sbape or size of a vessel make in respect to 
the presBore of a fluid on its bottom ? 
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fkce of the fluid kt ail will be at exactly the same elevations 
If therefore, the water stands at an equal height in all, the' 
pressure in one must be just equal to that in anothel*, and so 
equal to that in all the others. 

Fig. 80. 




To make this obvioui^,> suppose a number of vessels, 6f 
different shapes and sizes,- as represented by fig. 80, to have 
a communication between them by means of a small tube pass- 
ing from one to the other. If now, one of these vessels be 
filled with water, or if water be poured into the tube a, all the 
other vessels will be filled at the same instant up to the line 
d, ov Therefore the pressure of the water in a, balances that 
iii 1^ 2, 3, &0k, while the pressure in each of these vessels is 
equal to that in the other, and so an equilibrium is produced 
throughout the whole series. 

If an ounce of water be poured into the tube a, it will 
produce a ptessure on the contents of all the other vessels^ 
equal to the pressure of all the others on the tube ; for, it 
will force the water into all the othel* vessels to rise upwards 
to an equal height with that in the tube itself. Hence we 
must calculate, that the pressure in each vessel is not only 
equal to that in any of the others, but also that the pressure in 
any one, is equal to that in all the ofthers. 

From this we learn^ that the shape or size of a vessel has 
no influence on the pressure of its liquid contents, but that the 
pressure of water is as its height, whether the quantity be 
great or small. We leam also, that in no case will a quantity 
of liquid, however large, force another quantity however small, 
above the level of its own surface. 

Explain fig. 80, atid &hew how the eqtiilibtiuiii is prddaced. Sap^ 
pose an ounce of water be poured into the tube a, what will be its ^- 
fect on the contents of the other vessels ? What conclusion is to be 
drawn from pouring the ounce of water into the tube a ? 
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Fig. 81, 
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This is proved by experiment ; for if, from a pood sUuated 
on a mountain, water be conveyed ia an inch tube to the valley 
an hundred feet below, the water ^vill rise just a hundred feet 
in the tube ; that is, exactly to the level of the surface of the 
pond. Thiis the water in the pond, and that in the tube press 
equally against each other, and produce an exact equilibrium. 
Thus far we have considered the fluid as acting only in vessels 
with open mouths, and therefore at liberty to seek its balance, 
or equilibrium by its own gravity. Its pressure, we have seen, 
is in proportion to its height, and not its bulk. 

Now by other experiments it is ascertained that the pres- 
sure of a liquid is in proportion to its height, and its atea at the 
base. 

Suppose a vessel ten feet high, and 
two feet in diameter, such as is repre- 
sented at a, fig. 81, to be filled with 
water; there wou\d be a certain amount 
of pressure, say at c, near the bottom. 
Let d represent another vessel, of the 
same diameter at the bottom, but only 
a foot high, and closed at the top. 
Now if a small tube, say the fourth of 
an inch in diameter, be inserted into 
the cover of the vessel d, and this tube 
be carried to the height of the vessel 
a, and then the vessel and tube be fill. 

S\l ed with water, the pressure on the bot- 

L.^J toms and sides of both vessels will be 
equal, and jets of water starting from J, and c, will have ex- 
actly the same force. 

This might at first seem inoprobable, but to convince our- 
selves of its truth, we have only to consider that any impres- 
sion made on one portion of the confined fluid in the vessel 
d, is instantly communicated to the whole mass. Therefore 
the water in the tube b presses with the same force on every 
other portion of the water in 4, ajs it does on that small portion 
over which it iStands. 

This principle is illustrated in a very striking manner by 

What is the reason that a laif o quantity of water will not force a 
small quantity above its own level ? Is the force of water in proportion 
to its height, or its quantity f How is a small quantity of water shown 
to press equal to a lai'ge quantity by fig. 81 ? Explain the reason why 
the pressure is as great at(f, as at e. 
9* 
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the eiperiment, which Bas often been made, of bursting the 
stronger wine cask with a few ounces of water. 

Tig. &t. Suppose a, fig. 82, to be a strong bask already 

y filled with water, and suppose the tube b thirty 

feet high, to be screwed, water tight, into its 
head. Wh6n water is poured into the tube, so 
as to fill it gradually, the cask will show increas. 
ing signs of pi'essure, by ekhitting the water 
through the pores of the wood, and between the 
joints : and finally as the tube is filled, the cask 
will biirdt asunder. 

The same apparatus wilf serve to illustrate the 
upward pressure of water ; for if a small stop* 
cock be fitted to the upper head, on turning this, 
when the tube is filled, a jet of water will spout 
up with a force, and to a height that will aston- 
^a ish all who never before saw such an experi- 
ment. ^ 

In theory, the water will spout to the same 
height with that which gives the pressure, but in practice, it 
is found to fall short, in the following proportions : 

if the tube be twenty feet high, and the orifice for the jet 
half an inch in diameter, the water will spout nearly nineteen 
feet, tf the tube be fifty feet high, the jet will rise upwards 
of forty feet ; and if ah hundred feet, it will rise above eighty 
feet. It is understood in etery case, that the tubes ere to be 
kept full of water. 

The height of these jets shew the astonishing effects that a 
small quantity of fluid produces when pressing from a perpen- 
dicular elevation. 

An instrument called the hydrostatic bellows, also shows, 
in a striking manner, the great force of a small quantity of 
water, pressing in a perpendicular direction. 

This instrument consists of two boards, connected together 
with strong leather, in the manner of the comnion bellows. 
it is then Uimished with a tube a, fig. 83, which comrhtini. 
cates between the two boards. A person standing on the 
upper board, may raise himself up by pouring water into the 
tube. If the tube holds an ounce of water, and has an area 

How is the same principle illustrated by fig. 82? How is the upward 
pressure oif water illustrated by the same apt>aratUB ? Under ike pres- 
sure of a column of water twenty feet high, what will be the height of 
the jet f Under a pressure of a hun^lTed feet, how high #ill it rise f 
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equal to a thousandth part of the atea 
of the top of the bellows, one ounce of 
water in the tube will balance a thousand 
ounces placed on the bellows. 

This property of wate^ was applied 
by Mr. Bramah to the construction of 
his hydraulic press. But instead of a 
high tube of water, which in most cases 
could not be readily obtained, he 
substituted a strong forcing pump, and 
instead of the leather bellows, a metdlic 
pump barrel, and piston. 



This arrangement will be un- 
derstood by %. 84, where the 
pump barrel, a, 6, is represented! 
as divided lengthwise, in order 
to shew the inside. The piston 
c, is fitted so accurately to the 
barrelj as to work up and down 
water tight ; both barrel and 
piston being made of iron. The 
thing to be broken, or pressed, 
is laid on the fiat surface i, there 
being at>oye this, a strong frame to meet the pressure, not 
shown in the figure. The small forcing pump, of which d is 
the piston^ and h the lev^r by which it is worked, is also made 
of iron. 

Now suppose the space between the sfnall piston and the 
large one^ at ir, to be filled with water, then, on forcing down 
the small piston, d^ there lE^ill be a pressure against the large 
piston, c, the whole^force of which will be in proportion as the 
aperture in which c works, is greater than that in which d 
works. If the piston d is half an inch in diameter, and the 
piston c, one foot in diameter, then the pressure on c will be 
576 times greater than that on d. Therefore, if we suppose 
the pressure of the small piston to be one ton, the large piston 

What is the hydrostatic bellowB ? What property of water is this ixs- 
strament designed to show ? Explain fig. 84. Where is tlie piston > 
Which is the pump barrel, in which it works ? In the hydrostatic press, 
what is tho proportion between the pressure given by the small piiton, 
and the force exerted on the large one .' 
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will be forced up against any resistance with a pressure equal 
to the weight of 576 tons* It would be easy for a single man 
to give the pressure of a ton at d, by means of the lever, and 
therefore a man, with this engine, would be able to exert a force 
equal to the weight of near 600 tons. 

It is evident, that the force to be obtained by this principle, 
can only be limited by the strength of the materials of which 
the engine is made. Thus, if a pressure of two tons be given 
to a piston, the diameter of which is only a quarter of an inch, 
the £otc^ transmitted to the other piston, if three feet in diam- 
eter, would be upwards of 40,000 tons ; but such a force is 
much too great for tho strength of any material with which we 
ieure acquainted. 

A small quantity of water, extending to a great elevation, 
virodld give the pressure above described, it being only for the 
sake of convenience, that the forcing pump is employed, in. 
stead of a column of water. 

There is no doubt, but in the operations of nature, great 
effects are sometimes produced among mountains, by a small 
quantity of water finding its way to a reservoir in the crevices 
of the rocks far beneath. 

^*Sv^» Suppose in 

the interior of 
a mountain,fig. 
85,there should 
be' a space of 
ten yards 

square, and an 
inch deep,filled 
with water, and 
closed up on all 
sides ; and sup- 
pose that in the 

course of time, a small fissure, no more than an inch in diam- 
eter, should be opened by the water, from the height of two 
hundred feet above, down to this little reservoir. The con- 
sequence might be, that the side of the mountain would burst 
asunder, for the pressure, under the circumstances supposed, 
would be equal to the weight of five thousand tons. 

What is th4 estimated force which a man could give by one of these 
en^nes ? If the pressure of two tons be made on a piston of a quarter 
of an inch in diameter, what will be the force transmitted to the other 
piston of three feet in diameter ? What is said of the pressure of wa- 
ter in the creyices of mountains, and the consequences ? 
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Water Levd, 
We 'have se^n, that in whatever situation water is placed', 
it always tends to seek a level. Thus, if several vessels com- 
municating with each other be filled with water, the' fluid* will 
be at the same height in all, and the level will her indicated hf 
a straight line drawn through all the vessels, as in fig. 80. 

It is oil thd principle of this tendency, that the little instru- 
ment called the wtOer level is constructed. 

Fig. 86. The form of this instru- 

ment is represented by fig. 
86. It consists of a 6, a 
tube,, with its two ends 
turned at right angles, and'> 
left open. Into one of the 
encfs 11^ poiited water or mercury, until the fluid rises a little 
above the bends of the tube. On the surface of the fluid, at 
each end, are then placed small floats, carrying upright frames, 
across which are drawn small wires or hairs, as seen at c and^ 
df. These hairs are called the sights, and are across the line 
of the tube. 

It is obvious that this instrument will always indicate a le- 
vel, when the floats are at the same height, in respect to each 
other, and not in respect to their comparative heights in the 
ends of the tube, for if one end of the instrument be held 
lower than the other, still the floats must always be at the 
same height. To use this level, therefore, we have only to 
bring the two sights, so that one will range with the other ; 
and on placing the eye at c, and looking towards d, this is 
determined in a moment. 

The level is indispensable in the confstruction of canals and 
aqueducts, since the engineer depends entirely on it, to ascer- 
tain whether the water can be carried over a given hill or 
mountain. 

Fig. Si. The common spirit level consists of 

a glass tube, fig. 87, filled with spirit of 
wine, excepting a small space in which 
there is left a bubble of air. Tliiff 
bubble, if^hen the instrument is laid on 

On what principle i« the water-level constructed? Describe the 
manner in which the level with sights is used, and the reason why the 
floats will always be at tlie same height. What is the use of the lev^l ? 
Deoeribe the common spirit level, and the method of using it 
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a level surfai^, will be exactly in the middle of the tube, and 
therefore to adjust a level, it is only necestiifry to bring the 
bubble to this po9ition. 

The glass td>e is enclosed in a brass case, which is cut out 
on the upper side, so that the bubble may be seen,, as repre- 
sented in the figure. 

This instrument is employed by builders, to level their 
work, atid is highly convenient for that purpose, since it is 
only necessary to Lay it on a beam to try its level. 

Specific Gravity. 
If a tumbler be filled with water to the brim, and an egg, or 
any other heavy solid, be dropped into it, a quantity of the 
lluid, exactly equal to the size of the egg, or other solid, will 
be displaced, and will flow over the side of the vessel. Bodies 
which sink in water, therefore, di^placeaquantity of the fluid 
equal to their own bulk. 

Now it is foiind, by experiment, that when any siibsfance 
sinks in water, it loses, while m the fluid, a portion of its 
weight, just equal to the weight of the bulk of water which it 
displaces. This is readily made evident by experiment. 

^ig' 88. Take a piece of ivory, or 

any other substance that i^rill 
sink in water, and weigh it 
accurately in the usual man- 
ner ; then suspend it by a 
thread, or hair, in the empty 
cup a, fig. 88, and then baU 
ance it, as shown in the fig- 
ure. Now pour water into 
l^;; the cup, and it will be found 
that the suspended body will 
lose a part of its weight, so 
that a Certain number of grains must be taken from the oppo- 
site scale, in order to make the scales balance as before the 
water was poured in. The number of grains taken from the 
opposite scale, show the weight of a quantity of water equal 
to the bulk of the body so suspended. 

When a solid is weighed in water, why does it lose a part of its 
weight ? How mUch less \^ill a cubic inch of any substance weigh in 
water than in air ? How is it proved by fig. 88, that a body weighs less 
in water than in air ? What is the specific gravity of a body i How 
are the specific gravities of solid bodies taken .' 
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it is on the principle, that bodies weigh less in the water, 
than they do when weighed out of it, or in the air, that water 
^becomes the means of ascertaining their specific gravities, fot 
it is by Comparing the weight of a body in the water, with what 
it weighs out of it, that its specific gravity is determined. 

Thus suppose a cubic inch of gold weighs 19 ounces, and 
on being weighed in water, weighs only 18 ounces, or loses a 
nineteenth part of its weight, it will prove that gold, bulk for 
bulk is nineteen times heavier than water, and thus 19 would 
be the specific gravity of gold. And so if a cube of copper 
weigh 9 ounces in the air, and only 8 ounces in the water, 
then copper, bulk for bulk, is 9 times as heavy as water, and 
therefore has a specific gravity of 9. 

If the body weigh less, bulk for bulk than water, it is obvi- 
ous it will not sink in it, and the^refore weights must be added 
to the lighter body, to ascertain how much less it weighs than 
water. 

The specific gravity of a body, then, is merely its weight, 
compared with the same bulk of water ; and water is thus 
made the standard by which the weights of all other bodies 
are compared. 

To take the specific gravity of a solid which sinks in water, 
first weigh the body in the usual manner, and note down the 
number of grains it weighs. Then with a hair, or fine thread, 
suspend it from the bottom of the scale-dish, in a vessel of 
water, as represented by fig. 88. As it weighs less in water, 
weights must be added to the side of the scale where the body 
is suspended, until they exactly balance each other. Next 
note down the number of grains so added, and they will show 
the difference between the weight of the body in air, and in 
water. 

It is obvious, that the greater the specific gravity of the body, 
the less, comparatively, will be this difference, because each 
body displaces only its own bulk of water, and some bodies of 
the same bulk, will weigh many times as much as others. 

For example, we will suppose that a piece of platina, weigh- 
ing 22 ounces, will displace an ounce of water, while a piece 
of silver, weighing 22 ounces, will displace two ounces of 
water. The platina, therefore, when suspended as above de- 
scribed, will require one ounce to make the scales balance, 

Why does a heavy body weigh comparatively less in the water than 
•alight one? 
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while the 'same weight of silver wiU require two ounces for 
the same purpose. The platina, therefore, bulk for bulk, wiil 
weigh twice as much as the silver, and will have twice as 
much specific gravity. 

Having noted down the difierence between the weight of 
the body in air and in water, as above explained, the specific 
gravity is found by dividing the weight in^r, by the loss in 
water. The greater the loss, therefore, the less will be the 
specific gravity, the bulk being the same. 

Thus, in the above example, 2^ ounces of platina was sup- 
posed to fose one ounce in water, while 22 ounces of silver 
lost two ounces .in water. Now 22, divided by 1, the loss of 
the platina, is 22 ; and 22 divided by 2, the loss in the silver, 
is li. So that thespeoific gravity of platina is 22, while that 
of silver is M. The specific gravities of these .metals, are, 
however, a little less than here estimated. 

For other methods of taking specific gravity, see Chemistry. 

Hydrometer, 

The hydrometer is an instrument, by Which the specific 
gravities of fluids are ascertained, by the depth to which it 
sinks below their surfaces. 

Suppose a cubic inch of lead loses, when weighed in water, 
'253 grains, and when weighed in alcohol, only 209 grains, 
then according to the principle already recited, a cubic inch 
of water actually weighs 253, and a cubic inch of alcohol 
•209 grains, for when a body is weighed in a fluid, it loses just 
the weight of the fluid it displaces. 

Water, as we have already seen, is the standard by which 
the weights of other bodies are compared, and by ascertaining 
what a given bulk of any substance weighs in water, and then 
whatit weighs in any other fluid, the comparative weight of 
water and this fluid willbe known. For if, as in the above 
example, acertam bulk of water weighs 253 grains, and the 
same bulk of alcdhol only 209 grains, then alcohol has a spe- 
cilic gravity, nearly one fourth less than water. 

It is on this principle that the hydrometer is constructed. 

Having taken the difference between the weight of a body in air and 
-in- water, by^ what rule is its specific gravity found ? Give the example 
stated, and show how the differenee between the specific gravities of 
platina and silver is ascertained. What is the hydrometer? Suppose 
a cpbjjp inc(i of any substance weighs S53 grains less in water than in 
air, what is the actu&l weight ofa cubic inch of water? On what 
principle is the hydrometer founded ? 
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>lt is composed of a hollow ball of glass, or metal, with a gra- 
duated scale rising from its upper part, and a weight on its 
.under part, which serves to balance it in the fluid* 

Fig. 89. Such an instrument is represented by fig 

89, of which b is the graduated scale, and a 
the weight, the hollow ball being between 
them. 

To prepare this instrument for use, weights, 
in grains, 9r half grains, are put into the little 
ball a, until the scale is carried down, so that 
a certain mark on it coincides exactly with the 
surface of the irater. This mark then becomes 
the standar^lof comparison between water and 
any otherliquid, in which the hydrometer is 
placed. If plunged into a fluid lighter than 
water, it will sink, and consequently, the 

fluid will rise higher on the scide. If the 

'fluid is heavier than water, the scale will rise above the sur. 
face, in proportion, and thus it is ascertained, in a moment, 
-whether any fluid has a greater or less specific gravity thau 
water. 

To know precisely how much the fluid varies from the 
standard, the scale is marked oflTinto degrees, which indicate 
grains by weight, so that it is ascertained, very exactly, how 
much the specific gravity of one fluid diflers from that qf 
another. 

Water being the standard by which the weights of other 
substances are compared, it is placed as the unit, or point of 
comparison, and is therefore 1, 10, 100, or 1000, the ciphers 
being added whenever there are fractional parte expressing 
the specific gravity of the body. It is always ;imderstood, 
therefore, that the specific gravity of water is 1, and when it 
is said a body has a specific gravity of 2, it is only meant, that 
such a body is, bulk for bulk, twice as heavy as water. If the 
substance is lighter than water, it has a specific gravity of 0, 
with a fractional part. Thus alcohol has a specific gravity of 
0,809, that is 809, water being 1000. 

How is thigizuitniiiisnt formed? Howasthe hydrometer prepared 
for aae ? How is it known, by this, instrument, whether the fluid is 
lighter, or heavier than water ? ^hat is the standard by which the 
weightS'Of other bodies are compared ? What is .the specific gravity 
of water? When it is said, that the specific gravity of a body .is ^ or 
• 4, what meaning is intended to be oonveyed ? 

10 
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By means of this instrument, it can be told wiA gfeat accir- 
racy, how much water has been added to spirits, for the 
greater the quantity of water, the higher will the scale rise 
above the surface. 

The adulteration of milk, ^ with water, can also be readily 
detected with it, for as new milk has a specific gravity of 1032, 
water being 1000, a very small quanti^ of water mixed with 
it, would be indicated by the instrument. (See specific grav- 
ity in Chemigtry^) 

The Syphon, 
Take a tube, bent like the letter U, and having filled it with 
water, place a finger on each edd, and in this state plunge 
one of the ends into a vessel of water, so that the ^nd in the 
water shall be a little the highest, then remote the fingers, 
and the liquid will flow out, and continue to do so, until the 
vessel is exhausted. 
A tube acting in this manner, is called a sypTum^ nnd is 
represented by fig. 90. The reason 
why the water flows from the end of 
the tube a, and consequently as- 
cends through the other part, is, that 
there is a greater weight of the fluid 
from 5 to a, than from c to 5, be- 
cause the perpendicular height from 
b to a is the- greatest. The weight 
of the water from & to a falling 
^downwahih^, by its gravity, tends to . 
-form a vacuum, or void space, in 
_ that leg of the tube ; but the press- 

ure of thfe atindsphere dn the water in the vessel, coiistantly 
forces the fluid up the other leg of the lube, to fill the ^oid 
space, and thus the stream is continued as long as any water 
remains in the vessel. 

The action of the syphon depends upon the same principle 
as the action of the pump, namely, the pressure of the- atmos- 
phere, and therefore its explanation properly belongs to 
Pneumatics. It is introduced here merely for the .purpose of 
illustrating the phenomena of intermitting springs ; a subject 
which properly beldngs to Hydrostatics. 

Alchohol has a specific gravity of 809, what m refbreiice to this, is tho 
specific gravity of water ? In what manner is a sjphon'made ? Explain 
{he reason why the water ascends throug'h one leg^^>f the syphon, and 
descendsVthroagh the other. 
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Some springs, situated on the sides of mountains, flpw foi a 
while with great violence, and then cease entirely. After a 
time they begin to flow again, and then suddenly stop, as be- 
fore. These are called intermitting springs. Among igno- 
rant and superstitious people, thesa strange appearances have 
been attributed to witchcraft, or the influence of some super- 
natural power. But an acquaintance with the laws of nature 
will dissipate such ill founded opinions, by showing that they 
owe their j)eculiarities to nothing more than natural syphons, 
existing in the n^ountains from whence the water flows. 

Fig. 91. 




. fig. 91 is the section of a mountain and spring, showing 
how the principle of the syphon operates to produce the effect 
described. Suppose there is a crevice, or hollow in the rock, 
from a to 6, and a narrow fissure leading from it, in the form 
of the syphon b c. The water, from the rills /, c, filling the 
hollow, up to the line ad^'ii will then discharge itself through 
the syphon, and continue to run until the water is exhausted 
down to the leg of the syphon b, when it will cease,. Then 
the water from the rills continuing to run until the hollow is 
again filled up to the same line, the syplion again begins to 
act, and again discharges the contents of the reservoir as be- 
fore, and thus the spring p, at one moment flows with great 
violence, and the next moment ceases entirely. 

The hollow, above the line a d, is supposed not to be filled 
with the water at all, since th^ syphon begins to act whenever 
the fluid rises up to the bend d. 

During the dry seasons of the year, it is obvious, that such 

What is an interioittm^ 8|;v:ing ? How is the pIieAomenon o,f the. in- 
termitting spring e]iplained? £xplain fig. 9t, and show the reason why 
■ueh a spring will flow, and ceate to flow alternately. 
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a spring would tews&to flow entirely, and woi^ld begin again 
only when the water from the mountain filled the cavity 
through the rills. 

Such springs, although not very common, exist in various 
parts of the world. Dr. Atwell has described one in the Phi- 
losophical Transactions, which he examined in Devonshire in. 
England. The people in the neighborhood, as usual, ascri- 
bed its actions to some sort of witchery, and advised the doctor, 
iji case it did not ebb and flow readily, when he and his friend 
were both present, »that one of them should retire, and see 
what the spring would do, when only the other was present. 



HYDRAULICS. 

It has been stated that Hydrostatics is that branch of Natu- 
ral Philosophy, which treats of the weight, pressure, and equi- 
librium of fluids, and that Hydraulics has for its object the 
investigation of the laws which reflate fltuds in motion. 

If the pupil has learned the principles on which the pressure 
and equilibnum of fluids depend, as explained under the for- 
mer article, he will now be prepsured to understand the laws 
which govern fluids when in motion. 

The pressure of water downwards, is exactly in the same 
proportion to its height, as is the pressure of solids in Ae same 
direction. 

Suppose a vessel of three inches in diameter has a billet 
of wood set up in it, so as to touch only the bottom, and sup- 
pose the piece of wood to be three feet long, and to weigh 
nine pounds ; then the pressure on the bottomof the vessel 
will be nine pounds. If another billet of wood be set on this, 
of the same dimensions, it will press on its top with the 
weight of nine pounds, and the pressure at the bottom will be 
18 pounds, and if another billet be set on this, the pressure at 
the bottom will be 27 pounds, and so on, in this ratio, to any 
height the column is carried. 

Now the pressure of fluids is exactly in the same proportion ; 
and when confined in pipes, may be considered as one short 
column set on another, each of which increases the pressure 
of the lowest, in proportion to their number and height. 

How does the science of Hydrostatics differ from that of Hydraulics f 
Does the downward pressure of water differ from the downward pres- 
sure of solids, in proportion ? How is the downward pressure of water 
illustrated f 
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Fig. 92. 

Thus, notwithstanding the lateral pressure of 
fluids, their downward pressure is as their heights. 
This fact will be found of importance in the inves- 
tigation of the principles of certain hydraulic ma- 
^ \ ■■ [ ■ j i chines, and we have therefore endeavoured to im- 
press it on the mind of the pupil by fig. 92, where 
it will be seen, that if the pressure of three feet of 
water be equal to nine pounds on the bottom of 
^1 — r-ii^ the vessel, the pressure of twelve feet will be equal 
to thirty-six pounds. 

The quantity of water which will be discharged 
from an orifice of a given size, will be in proper- 
■•27uon to the height of the column of water above it, 
for the discharge wdl increase in velocity, in pro- 
portion to the pressure, and the pressure, we have 
already seen, will be in a fixed ratio to the 
i g..^.«JL- .^height. « 

i ig. 93. If a vessel, fig. 93, be fil- 

led with water, and three 
apertures be made in its side, 
at the points a, &, and c, the 
fluid will be thrown out in 
jets, and will fall towards the 
earth, in the curved lines, a, 
6, and c. The reason why 
these curves differ in shape, 
is, that the fluid is acted on 
by ^wo forces, namely, the 
pressure of the water above 
the jet, which produces its velocity forward, and the action of 
gravity, which impels it downward. It therefore obeys the 
same laws that solids do when projected forward, iind falls 
down in curved lines, the shapes of which depend on their 
relative velocities. 

The quantity of water dischargied, being in proportion to 
the pressure, that discharged from each orifice will difler in 
quantity according to the height of the water above it. 

It is found, however, that the velocity with which a vessel 
discharges its contents, does not depend entirely on the pres- 

Withont reference to the lateral pressure, in what proportion do flu- 
ids press downwards ? What will be the proportion of a fluid dischar- 
ged from ah orifice of a given size ? Why do the lines described by 
the jets from the vessel, fig. 93, differ in shape ? 

10* 
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sure, but in part on the kind of orifice through which the 
liquid flows. It might be expected, for instance, that a tin 
vessel of a given capacity, with an orifice of, say an inch in 
diameter, through its side, would part with its contents sooner 
than another of the same capacity, and orifice, whose side was 
an inch or two thick, since the friction through the tin, might 
be considered much less than that presented by the other 
orifice. But it has been found by experiment, that the tin 
vessel did not part with its contents so soon as another vessel, 
of the same height, and size of orifice, from which the water 
flowed through a short pipe. And, on varying the length of 
these pipes, it was found that the most rapid discharge, other 
circumstances being equal, was through a pipe, whose length 
was twice the diameter of its orifice. Such an aperture dis- 
charged 82 quarts, in the same time that another vessel of 
tin without the pipe, discharged 62 quarts. 

This surprising difference is accounted for, by supposing 
that the cross currents, made by the rushing of the water from 
different directions towards the orifice, mutually interfere with 
each other, by which the whole is broken, and thrown into 
confusion by the sharp edge of the tin, and hence the water 
issues in the form of spray, or of a screw, from such an orifice. 
A short pipe seems to correct this contention among opposing 
currents, and to smooth the passage of the whole, and hence 
we may observe, that from such a pipe, the stream is round 
and well defined. 

FrktitM between solids and Jluids. 
The rapidity with which water flows through pipes of the 
same diameter, is found to depend much on the nature of 
their internal surfaces. Thus a lead pipe with a smooth aper* 
ture under the same circumstances, will convey much more 
water than one of wood, where the surface is rough, or beset 
with points. In pipes, even where the surface is as smooth as 

Whftt two forcet act upon the fioid m it is discbftr^d, and how do 
these forces produce a c^^ed line f Does the velocity with which a 
fluid is discharged, depend entirely on the pressure? What circum* 
stance, besides pressure, facilitates the discharge of water from an ori* 
fice ? In a tube, dischargin^r water with the greatest velocity, what is 
the proportion between its diameter and its length f What is the pro* 
portion between the quantity of fluid dsicharged throufh an orifice of 
tin, and through a short pipe ? Suppose a lead and a ghas tube, of the 
same diameter, which will deliver the gre«te>t quantity of liquid in the 
same time? 
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glass, 'there ia still considerable friction, for in all eases the 
water is found to pass more rapidly in the middle of the stream 
than it does on the outside, where it rubs against the sides of 
the tube. 

llie sudden turns, or angles of a pipe, are also found to be 
a considerable obstacle to the rapid conveyance of the water, 
for such angles throw the fluid into eddies or currents, by 
which its velocity is arrested. 

In practice therefore, sudden turns are generally avoided, 
and where it is necessary that ^e pipe should change its diree* 
tion, it is done by means of as large a circle as convenient. 

Where it is proposed to convey a certain quantity of water 
to a considerable distance in pipes, there will be a great dis- 
appointment in respect to the quantity actually deliv^red, un- 
less the engineer takes into account the firiction, and the turn* 
ings of the pipes, and makes large allowances for these cir? 
cumstances. If the quantity actually delivered ought to fill a 
two inch pipe, one of three inches will not be too great an al- 
lowance, if the water is to be conve3red to any considerable 
distance. 

In practice, it will] be found that a pipe of two inches in 
diameter, one hundred feet long, will discharge about five 
times as much water as one of one inch in diameter of &e 
same length, and under the same pressure. This difference 
is accounted for, by supposing that both tubes retard the mo- 
tion of the fluid, by friction, at equal distances from their in- 
ner surfaces, and consequently that the effect of this cause is 
much greater in proportion, in the small tube, than in the 
large one. 

The effect of friction in retarding the motion of fluids is 
perpetually illustrated in the flowing of rivers and brooks. 
On the side of a river, the water, especially where it is shal- 
low, is nearly still, while in the middle of the stream it may 
run at the rate of five or six miles an hour. For the same rea- 
son, the water at the bottoms of rivers iei much less rapid than 
at the surface. This is ofl;en proved by the oblique position 
of floating substances, which in still water would assume a 
vertical direction. 

Why will the glua tttb« delivttr iftost? What is nud of the sadden 
tumlngi of a tube in retarding the motion of the fluid f How much 
more water will a two inch tube of a hundred feet long, discharge, than 
a one inch tube of the same length ? How is this difference accounted 
for ? How do rivers show the effect of IHction in retarding the motion 
of their waters f 
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Tigf 94* Thus suppose the stick of wood, e, ii^. 

94, to be loaded at one end with lead, of 
-^2 the same diameter as the wood, so as to 
make it stand upright in still water. In 
the current of a river, where the lo^wer 
end nearly reaches th^ bottom, it will in> 
cline as in the figure, because the water 
is more rapid towards the surface than at 
the bottom, and hence the tendency of 
the upper end to move faster than the low* 
er one, gives it an inclination forward. 
Machines for raising water. 
The common pump, though a hydraulic machine, depends 
on the pressure of the atmosphere for its effect, and therefore 
its explanation comes properly under the article Pneumatics, 
where the consequences of atmospheric pressure will be illus- 
trated. 

Such machines only, as raise water without the assistance 
of the atmosphere, come properly under the present article. 

Among these, one of the most curious, as well as ancient 
machines, is the screw of Archimedes^ and which was invent* 
ed by that celebrated philosopher, two hundred years before 
the Christian era, and then employed for raising water and 
draining land in Egypt. 

Fig. 95. 
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tt consists of a hollow tube, fig. 95, coiled around a shaft 
of wood to keep it in place, and give it support. Both ends of 

Explain fig* 94. Who is said to have been the inventor of Archime- 
dos' screw f Explain this machine as represented in fig. 95, and show 
hew the water is elevated by turning it 
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the tube are open, the lower one being dipped into the water 
to be raised, and the upper one disefaai^^ng it in an uninter- 
rupted stream. The shaft turns on a support at each end, that 
at the upper end being seen at a, the lower one being hid by 
the water. As the machine now stands, the lower bend of 
the screw .ju9 filled with water, since it is below the surface c, d. 
On turning it by the handle, from left to right, that part of 
the screw now filled with water will rise above the surface o, (2, 
and -the water having no place to escape, falls into the next 
lowest part of the screw at e. At the next revolution, that 
portion which, during the last, wa» at e, will be elevated to g^ 
for the lowest bend will receive another supply, which in the 
mean time will be transferred to e, and thus by a continuance 
of this motion, the water is finally elevated to the discharging- 
orifice p* 

This principle is readily illustrated by winding a piece of 
lead tube round a walking stick, and then turning the whole- 
with one end in a dish of water, as shewn in the figure^ 

Fig. 96. Instead of this method, water was some- 

times raised by the ancients, by means of a 
^ rope, or bundle of ropes, as shewn at fig. 
«te> 96. 

"nP This mode iUustrates in a very striking* 

manner the force of friction between a sol- 
id and fluid, for it was by this force alone, 
that the water was supported and elevated. 
The large wheels, is supposed to stand 
over then- well, and 6, a smaller wheel, is 
fixed in the water. The rope is extended 
between the two wheels, and rises on one 
side in a perpendicular direction^ On turn- 
ing the wheel by the crank d, the Vater is 
brought up by the friction of the rope, and 
falling into a reservoir at the bottom of the 
frame which supports the wheel, is discharged at the spout d^ 
It is evident that the motion of the wheel, and consequently 
that of the rope, must be very rapid, in order to raise any con. 
siderable quantity of water by this method. But when the 
upward velocity of the rope is eight or ten feet per second, a 
large quantity of water may be elevated to a considerable 
height by this machine. 

How may the principle of Archimedes' screw be readily illiutnited ? 
Explain in what manner water is raised by the maehine represented by 
fig. 96. 
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For the different modes of applying water as a power for 
driving mills, and other useful purposes, we must refer the 
reader to works on practical mechanics. There is however, 
one method of turning machinery hy water, invented by Dr. 
Barker, which is strictly a philosophical, and at the same time 
a most curious invention, and therefore is property introduced 
here. 

This machine is called Barker^s 
cenfrifiigaJ. mill, and such parts of it 
as aie necessary to understand the 
principle on wluch it acts are- rep- 
resented by fig. 97. 

The upright cplinder a, is a tabe 
which has a funnel shaped mouth, 
for the admission of the stream of 
water from the pipe b. This tube is 
six or eight inches in diaineter, and 
may be from ten to twenty feet long. 
The arms n and o, are also tubes 
communicating freely with the up- 
right one, from the opposite sides of 
which they proceed. The shaft J, 
is firmly fastened to the inside of the 
tube, openings at the same time be- 
ing lefl for the water to pass to the 
arms o and n. The lower part of 
the tube is solid, and turns on a point resting on the block of 
stone or iron, c. The arms are closed at their ends, near 
which there are orifices on the sides opposite to each other, 
so that the water spouting from them, will fly in opposite di- 
rections. The stream from the pipe 6, is regulated by a stop- 
cock, so as to keep the tube a constantly full without over- 
flowing. 

To set this engine in motion, suppose the upright tube to 
be filled with water, and the arms n and o, to be given a 
slight impulse ; the pressure of the water from the perpendic- 
ular column in the large tube will give the fluid a velocity of 
discharge at the ends of the arms proportionate to its height. 
The reaction of the air against the water so discharged will 
continue, and increase the rotatory motion thus begun. Af- 
ter a few revolutions, the machine will receive an additional 
impulse by the centrifugal force generated in the arms, and 
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What is fig. 97 intended to represent? Describe this mill. 
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*in consequence of this, a much more violent and rapid dis- 
charge of the water takes place, than would occur by the pres- 
sure of that in the upright tube alone. The centrifugal force 
and the force of the discharge thus acting at the same time, 
and each increasing the force of the other, this machine re- 
Tolves with great velocity and proportionate ipower. The fric- 
tion which it has to overcome, when compared with that of oth- 
er machines, is very slight, being chiefly at •the point c, where 
the weight of the upright tube and its contents is sustained. 

By fixing a cog wheel to the shaft at d, *motion may be 
given to any kind of machinery required. 

Where the quantity of water is small, but its height consid- 
'^rable, this machine may be employed to great ^advantage, it 
being under such circumstances one of the mostpowerfui en. 
gines ever invented. 

PNEUMATICS. 

The term theumatibs is derived from the Greek pneuma, 
^vvhich signifies breath, or air. It is that science which in- 
vestigates the mechanical properties of air, and other elastic 
fluids. 

Under the zTiicle hydrdidics, it Was stated that fluids Were 
of two kinds, niamely, eldstic and nbn-elastic, and that air and 
the gases belonged to the first kind, while water and other 
liquids belonged to the Second. 

The atmosphere, which surrounds the earth, and in which 
we*live, and a'portion of which we take into our lungs at'ev- 
ery breath, is' balled iwV, While the artificial products which 
possess the same mechanical properties, are called ^o^e^. 

When therefore the word Uir is used, in what follows, -it 
will be understood to niean the atmosphere which we breathe. 

Every hollow, crevice, or "pbte, in solid bodies not filled 
with a liquid, or some other sUbstanCe, appears to be filled 
* with air : thus a tube 6f any length, the bore of which is ctiB 
small as it caii be made, if kept open'will be 'filled with air, 
and hence wh^n it is i^aiti that'a ve^srsel is filled with air, it is 
only meant that the vessel is in its ordinary state. Indeed, 
\this fluid finds its wayMto the most niiniite pores of all sub- 
'Stances, and cannot be Expelled, dnd kept out of any vessel, 
' without the assistance of the air pump, <^r dome other mechan- 
ical means. 

What is pnetunatics ? Wltat w air ? What is gas ? What is meant, 
wiiesi' it is said that a veseel is filled with air ? 'Is there any diffieulfy in 
' expelling the air firom vessels f 



116 



mratmjLTicB. 



By the elasticUy of air, is meant its spring, or the force 
with which it reacts when compressed in a close vessel. It 
is chiefly in respect to its elasticity, and lightness, that the me- 
chanical properties of air difiSsr from those of water, and other 
liquids. 

Elastic fluids differ from each other, in respect to the per- 
manency of the elastic property. Thus steam is elastic only 
while its heat is continued, and on cooling returns again te 
the form of water. 

Some of the gases also, on being strongly compressed, lose 
their elasticity, and take the form of liquids. But air differs 
from these, in being permanently elastic ; that is, if it be com. 
pressed with ever so much force, and retained under com. 
pression for any. length of time, it does not therefore lose its 
elasticity, or disposition to regain its former bulk, but always 
Fig. 98. re-acts with a force, in proportion to the power by 
which it is compressed. 

Thus, if the strong tube, or barrel, fig. 98, be 
smooth, and equal on the inside, and there be fit- 
ted to it the solid piston, or plug a, so as to work 
up and down air tight, by the handle b, the air in 
the barrel may be pressed, without difficulty, in- 
to a hundred times less than its usual bulk. In- 
deed, if the vessel be of sufficient strength, and 
the force employed sufficiently great, its bulk may 
be lessened a thousand times, or in any propor- 
tion according to the force employed ; and if 
kept in this state for years it will regain its for. 
I^mer bulk the instant the pressure is removed. 
Thus it is a general principle in pneumatics, that 
air is compressible in proportion to the force employed* 

On the contrary, when the usual pressure of the atmosphere 
is removed from a portion of air, it expands and occupies a 
space larger than before ; and it is found by experiment that 
this expansion is in a ratio, as the removal of the pressure is 
more or less complete. Air also expands, or increases in 
bulk when heated. 

If the stop-co<Jk, c, fig. 98, be opened, the piston a, may be 
{»ished down with ease, because the air contained in the barrel 
will be forced out at the aperture. Suppose the piston to be 

What is meaat by the elasticity of air ? How does air differ from 
steam, and some of the gases, in respect to its elasticity ? Does air lose 
its elastic force by being long oompreseed ? In^what proportion to the 
force employed l» the bulk of ur lessened ? 
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pushed, down to within an inch of the bottom, and then the 
stop-cock closed, so that no air can enter below it. Now, on 
drawing the piston up to the top of the barrel, the inch of air 
will expand and fill the whole space, and were this space a 
thousand times as large, it would still be filled with the ex- 
panded air, because the piston removes the pressure of the 
external atmosphere frojn that within the barrel. 

It follows therefore, that the space which a given portion 
of air occupies, depends entirely on circumstances. If it is 
under pressure, its bulk will be diminished jn exact propor- 
tion ; and as the pressure is removed, it will expand in propor- 
tion, so as to occupy a thousand, or even a million times as 
much space as before. 

Another property which air possesses is weight, or gravity. 
This property, it is obvious, must be slight, when compared 
with the weight of other bodies. But that air has a certain 
degree of gravity, in common with other ponderous substan- 
ces, is proved by direct experiment. Thus if the air be 
pumped out of a close vessel, and then the vessel be exactly 
weighed, it will be found to weigh more when the air is again 
admitted. 

It is however the weight of the atmosphere which presses 
on every part of the earth's surface, and in which we live and 
move, as in an ocean, that here particularly claims our atten- 
tion. 

Fig. 99. The pressure of the atmosphere may be easily 
shewn by the tube and piston, fig. 99. 

Suppose there is an orifice, to be opened or closed 
by the valve b, as the piston a is moved up or down 
in its barrel. The valve being fastened by a hinge 
on one side, it is obvious that on pushing the piston 
down, it will open by the pressure of the air against 
it, and the air will make its escape. But when the 
piston is at the bottom of the barrel, on attempt- 
- ing to raise it again, towards the top, the valve 
is closed by the force of tlie external air acting 
upon it. If therefore the piston be drawn up in 
this state, it must be against the pressure of the at- 
mosphere, the whole weight of which, of the size 

In what proportion will a quantity of air increase in bulk as the pres- 
sure is removed from it ? How is this illustrated by fig. 98 ? On what 
circumstance, therefore, will the bulk of a given portion of air depend .-' 
How is it proved that air has weight ? Explain in what manner the 
pressure of the atmosphere is shewn by fig. 99. 

11 
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of the piston, must be lifted, while there will remain a vacudm 
or void space below it in the tube. If the piston be only three 
inches in diameter, it will require the full strength of a man 
to draw it to the top of the barrel, and when raised, if sudden. 
ly let go, it will be forced back again, by the weight of the 
air, and will /strike the bottom with great violence. 

The force thus pressing upon the piston is often called sue* 
tioni and many persons believe that there is something with- 
in the barrel, which keeps the piston from rising, or which 
makes it move upwards with so much difficulty, never suspect- 
ingthat the force is-on the upper side of the piston, instead of 
being within the barrel. 

Now, that it is the weight of the atmosphere which presses 
the piston down, is proved by the fact, that if its diameter be 
enlarged, a greater force, in exact proportion, will be requir- 
ed to raise it. And further, if when the piston is drawn to 
the top of the tube, a stop-cock, as at e, fig. 08, be opened, and 
the air admitted under it, the piston will not then be forced 
down in the least, because then the air will press as much on 
the under, as on the upper side of the piston. 

By accurate experiments, an account of which it is not ne- 
cesssary here to detail, it is found that the weight of the at- 
mosphere, on every infeh square of, the surface of the earth, 
is equal to fifteen pounds. If then a piston, working air tight, 
in a barrel, be drawn up from its bottom, the force employed, 
besides the friction, will be just equal to that required to lift 
the same piston, under ordinaiy circumstances, with a weight 
laid on it equal to fifteen pounds for eveiy square inch of sur- 
face. 

The number of square inches in the surface of a piston of 
a foot in diameter, is 113. This being multiplied by the 
weight of the air on each inch, which being 15 pounds, is 
equal to 1695 pounds. Thus the air constantly presses on 
every surface, which is equal to the dimensions of a circle 
one foot in diameter, with a weight of 1605 pounds. 
Air Pump. 

The air pump is an engine by which the air can be pump, 
ed out of a vessel, or withdrawn from it. The vessel so ex- 

What is the force pressing on the piston when drawn upward, some- 
times called ? How is it proved that it is the weight of the atmosphere, 
instead of suction, which makes the piston rise with difficulty ? What 
is the pressure of the atmosphere on every square inch of surface on the 
earth ? What is the number of square inches in a circle of one foot in 
diameter ? What is the weight of the atmosphere on a surface of a 
foot in diameter f 
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hausled is calM a reeemr^ and the apace thus left in the ves* 
sel, afler wkhdraimg the air, is called a vacuum. 

The principles on which the air pump is constructed are 
readily understood, and are the same in all instruments of this 
kind, though the from of the instrument itself is often con- 
siderahly modified* 

The general principles of its construction will be compre* 
tended by an explanation of fig. 100. In this figure let g^ be 
Fig.IiOO. a glass vessel, or receiver, closed at 

the top, and open at the bottom, 
standing on a perfectly smooth sur- 
face, which is called the phte of the 
air pumfK. Through the plate is an 
ap«!ture a, which communicates with 
the inside of the receiver, and the 
barrel of the pump. The piston rod 
p, worke air tight through the stuffed 
collar c, and the piaton also moves 
airtight through the barrel. At the 
extremity of the barrel there is a 
valve 6, which opens outwards, and 
is closed with a spring. 
Now suppose the piston to be drawn up to e, it will then 
leave a free communication between the receiver g, through 
the drifice a, to the pump barrel, in which the piston works. 
Then if the piston be forced down by its handle, it will com- 
l^ese the air in the barrel between d and e, and in consequence, 
the valve e will be opened, and the air so condensed will es- 
cape. On drawing the piston up again, the valve will bo 
^osed, and the external air not being permitted to enter, a 
vacuum will be formed in the barrel, from e to a little above d. 
When the piston comes again to c, the air contained in the 
glass vessel, together with that in the passage between the 
vessel and the pump barrel, will rush in to fill the vacuum. 
Thus there will be less air in the whole space, and conse- 
quently in the receiver, than at first, because all that contain- 
ed in the barrel is forced out at every stroke of the piston. 

What is the air pump ? What is the receiver of an air pump ? What 
is a vacuum ? In fig. 100, which is the receiver of the air pump ? 
When tt^e-piflton is pressed down, what quantity of air is thrown out ? 
When the piston is drawn up, what is formed in the barrel ? How is 
this va<imim again filled with air P 
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On repeating the same process, that is, drawing up and forcing 
down the piston, the air at each time in the receiver, will be- 
come less and less in quantity, and in consequence, more and 
more rarefied. For it must be understood, that although the 
air is exhausted at every stroke of the pump, that which re- 
mains, by its elasticity expands, and still occupies the whole 
space. The quantity forced out at each successive stroke is, 
therefore, diminished, until, at last, it no longer hasfsufficient 
force before the piston, to open the valve, when the exhausting 
power of the instrument must cease entirely. 

Now it will be obvious, that as the exhausting power of the 
air pump depends on the expansion of the air within it, a per^ 
Ject vacuum can never be formed by its means, for so long as 
exhaustion takes place, there must be air to be forced out, and 
when this becomes so rare as not tb force open the valves, 
then the process must end. 

A good air pump has two similar pumping barrels to that 
described, so that the process of exhaustion is performed in 
half the time that it could be performed by one barrel. 

Fig. 101. The barrels, with their 

pistons, and the usual mode 
of working them, are re- 
presented by fig. 101. The 
piston rods are furnished 
with racks, or teeth, and 
are woirked by the toothed 
wheel a, which is turned 
backwards and forwards, 
by the lever and handle 5. 
The exhaustion pipe, c, 
leads to the plate on which 
the receiver stands, as 
shown in fig. 100. The 
valves V, n, u, and m, all 
Open upwards. 

To understand how these 
pistons act to exhaust the 
air from the vessel on the plate, through the pipe c, we will 
suppose, that as the two pistons now stand, the handle b is 

Is the air pump capable of producing a perfect vacuum ? Why da 
common air pumps have more than one barrel and piston? How aro 
the pistons of an air pump worked ? 
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turned towards the left. Tiiis will raise the piston Ay while 
the valve u will be closed by the pressure of the external ^ir 
acting on it in the open barrel in which it works. Th^re 
would then be a vacuum formed in this barrel, did not the 
valve m open and let in the air coming from the receiver 
through the pipe c. When the piston, therefore, is at the up- 
per end of the barrel, the space between the piston and the 
valve flt, will be filled with the air from the receiver. Next 
suppose the handle to be moved to the right, the piston A 
will then descend, and compress the air with which the barrel 
is filled, which, acting against the valve u, forces it open, and 
thus the air escapes. Thus it is plain, that every time the 
piston rises, a portion of air, however rarefied, enters the bar- 
rel, and every time that it descends, this portion escapes, and 
mixes with the external atmosphere. 

The action of the other piston is exactly similar to this, 
only that B rises while A falls, and So the contrary. It will 
be obvious, on an inspection of the figure, that the air cannot 
pass from one barrel to the other, for while A is rising, and 
the valve m is open, the piston B will be descending, so that 
the force of the air in the barrel J?, will keep the valve n clos- 
ed. Many interesting and curious experiments, illustrating 
the expansibility and pressure of the atmosphere, are shown 
hy this instrument. 

If a withered apple be placed under the receiver, and the 
itir is exhausted, the apple will swell, and become plump, in 
consequence of the expansion of the air which it contains 
within the skin. 

Ether placed in the same situation, soon begins to boil 
without the influence of heat, because its particles, not having 
die pressure of the atmosphere to force them together, fly off 
with so much rapidity as to produce ebullition. 
The Condenser. 

The operation of the condenser is the reverse of that of the 
ttir pump, and is a much more simple machine. The air pump, 
as we have just seen, will deprive a vessel of its ordinary 
quantity of air. The condenser, on the contrary, will double. 

While the piston A ii ascending, which valveB will be open, and 
which closed ? When the piston A descends, what becomes of the air 
with which its barrel was filled ? Why does not the air pass from ope 
barrel to the other, through the valves m and n ? Why does an apple 
placed in the exhausted receiver grow plump f Why does ether boil in 
the same situation ? How does the condenser Operate f 

W 
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Fig. 102. or treble the otdinar^r quantity of air in a dose 
.^^_ veqscl, according to the force employed. 

This insttument, fig. 102, consists of a pump 

barrel and piston, a, a stop cock 6, arid the vessel 

c furnished with a valve opening inwards.. The 

orifice d, is to admit the air, when the piston is 

^i drawn up to the top of the barrel. 

To describe its action, let the piston be above 
d, the orifice being open, and therefore the instru- 
ment filled with air, of the same density as the 
External atmosphere. Then on forcing the. piston 
down, the air in the pump barrel, below the ori- 
fice <2, will be compressed, and will riish through 
the stop cock h, into the vessel c, where it will be 
retained, because, on again moving the piston up- 
ward, the elasticity of the air Mrill close the valve 
through which it was forced. On drawing the 
piston up again, another portion of air will rush in 
at the orifice dy and on forcing it down, this will also be dri- 
ven into the vessel c ; and this process may be continued sls 
long as sufficient force is applied to move the piston, or there 
is sufiicient strength in the vessel to retain the air. When the 
condensation is finished^ the stop cock b may be turned, to 
render the confinement of the air more secure. 

The magazines of air ^tm» are filled in the manner above 
described. The air gun is shaped like other guns, but instead 
of the force of powder, that of air is employed to project the 
bullet. For this purpose, a strong hollow ball of copper, with 
a valve on the inside^ is screwed to a condenser, and the air 
is condensed in it, thirty or forty times. This ball or maga. 
zine, is then taken from the condenser, and screwed to the 
^un, under the lock. By means of the lock, a communication 
IS opened between the ^magazine and the inside of the gun- 
barrel, on which the spring of the confined air against the 
leaden bullet is such, as to throw it with nearly the same force 
as gun-powder. 

Explain fig. 102, and show in what manner tbe air is coiKlensed; 
Explain the principle of the air gun. 
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Fig. 103; 



Barometer. 




Suppose a, fig. 103, to be a tube, thirty feet 
long, and the piston b, to be so nicely fitted to its 
inside, as to work air tight. If the lower end 
of the tube be dipped into water, and the piston 
drawn up by pulling at the handle c, the water 
will follow the piston so closely as to be in con- 
tact with its surface, and apparently to be drawn 
up by the piston, as though the whole was one 
solid body. If the tube be thinty-five feet long 
instead of thirty, the water will continue to fol- 
low the piston, until it comes to the height of 
about thirty-three feet, where it will stop, and if 
the piston be drawn up still further, the water 
will not follow it, but will remain stationary, the 
space from this height, between the pistdn and 
the water, being left a void space, or vacuum. 

The rising of the water, in the above case, 
which only involves the principle of the common 
f pump, is thought by some to be caused by suction^ 
ithe piston su^ng up the water as it is drawn 
upward. But according to the common notion at- 
tached to this term, there is no reason why the water should 
not continue to rise above the thirty-three feet, or why the 
power of suction should cease at that^ point, rather than at any 
other. Without entering into any discussion on the absurd 
notions concerning the power of suction, it is sufiicient here 
to state, that it has long since been proved, that the elevation 
of the water in the^ase above described, depends entirely on 
the weight and pressure of the atmosphere, on that portion of 
the fluid which is on the outside of the tube. Hence, when 
the piston is drawn up, under circumstances where the air 
<;annot act on the water around the tube, or pump barrel, no 
elevation of the fluid will follow.. This will be obvious, by 
the following experiment. 

Suppose the tiibe, fig. 103, to' stand with its lower end in the wlit«r^ 
and the piston a to be drawn upward thirty-five feet, how far will the 
water follow the piston ? What will remain in the tube between the 
piston and the water, after the piston rises higher than thirty-three 
feet ? What is commonly supposed to make the water rise in such ca^ 
'868 f Is there any reason why the suction should cease At 33 feet f 
What is the true cause of the elevation of the water, when the piston^ 
fig. 103, is drawn up ? 
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Fig. 104. Suppose fig. 104, to be the sections, or haives of 
_ two tubes, one within the 6ther, the outer on© be- 

T ing made entirely close, so as to admit no air, and 
J the space between the two being also made air-tight 

at the top. Suppose, also, that the inner tube be- 
ing lefl open at the lower end, does not reach the 
bottom of the outer tube, and thus that an open space 
be lefl between the two tubes every where, except 
at their upper ends, where they are fastened toge- 
ther ; and suppose that there is a valve in the piston, 
opening upwards, so as to let the air which it con- 
tains, escape, but which will close on drawing the 
piston upwards. Now let the piston be at a, and 
in this state pour water through the st6p cock, c, 
until the inner tube is filled up to the piston, and 
the space between the two tubes up to the same 
1^ '^ point, atid then let the stop cock be closed- If now 
the piston be drawn up to the top of the tube, the 
water will not follow it, as in the case first describ- 
ed, but will oniy rise a few inches, in consequence 
of the elasticity of the air above the water, between 
the tubes, and in the spalce above this, there will 
be formed a vacuum between the water and the 
' piston^ in the inner tube. 

Thfe reason why the result of this experiment 
•differs from that before described, is, that the outer tube pre- 
vents the pressure of the atmosphere from forcing the water 
up the inner tube as the piston rises. This may be instantly 
^proved, by opening the stop-cock c, and permitting the air to 
press upon the water, when it will be found, that as the air 
rushes in, the water will rise and fill the vacuum, up to the 
piston. 

For the same reason, if a common pump be placed in a 
cistern of water, and the water is frozen over on the surface, 
so that no air can press upon the fluid, the piston of the pump 
might be worked, in vain, for the water would not, as usual) 
obey its motion. 

It follows, as a certain conclusion from such experiments, 
that when the lower end of a tube is placed in the wateV, and 
the air from within is removed by drawing up the piston, that 

'How is it shown by fig. 104, that it is the pressure of the atmosphere 
which causes the water to rise in the pump barrel ? Suppose the ice 
'preventsthe atmosphere from pressing on the water ita vessel, can the 
water be pumped out f 
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it IS the pressure of the atmosphere^ on the water around the 
tube, which forces the fluid up to fill the space, thus lefl by 
the air. It is also proved, that the weight, or pressure of the 
atmosphere, is equal to the weight of a perpendicular columik 
of water, 33 feet high, for it is found (fig. 102), that the pres- 
sure of the atmosphere will not raise water more than 33 feet, 
though a perfect vacuum be formed to any height above this 
point. ' Experiments on other fluids, prove that this is the 
weight of the atmosphere, for if the end of a tube be dipped 
in any fluid, and the air be removed from the tube, above 
the fluid, it will rise to a greater or less height, than water, 
in proportion as its specific gravity is less or greater than 
that of water. 

Mercury^ or quicksilver has a specific gravity of about 13^ 
times greater than that of water, and mercury is fohnd to rise 
about 29 inches in a tube under the same circumstances that 
water rises 33 feet. Now 33 feet is 396 inches, which, being 
divided by 29 gives nearly 13^, so that mercury being 13^ 
times heavier than water, the water will rise under the same 
pressure 13^ times higher than the mercury. 

The barometer is constructed on the principle of atmosphe- 
ric pressure, which we have thus endeavoured to explain and 
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illustrate to common comprehension. This 
term is compounded of two Greek words, ha^ 
roSf weight, and metron, measure, the instru- 
ment being designed to measure the weight 
of the atmosphere. 

Its construction is simple, and easily under, 
stood, being merely a tube of glass nearly fill- 
ed with mercury, with its lower end placed in 
a dish of the same fluid, and the upper end 
furnished with a scale, to measure the height 
of the mercury. 

Let a, fig. 105, be such a tube, 34 or 35 
inches long, closed at one end and open at the 
other. To fill the tube, set it upright, and 
pour the mercury in at the open end, and 



What conclusion follows from the experiments above described ? 
How is it proved, that the pressure of the atmosphere is equal to the 
weight of a column of water, 33 feet high ? How do experiments on 
othei- flaids shdw that the pressul-e of the atmosphere is equal to the 
weight of a column of water 33 feet high? How high does mercury 
rise in an exhausted tubef What is the principle on which the barb 
meter is constructed ? What does the barometer measure? 
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when it is enlirely fully place the fore iiDger forcibly on tkis 
end, and in this state plunge the tube and finger under the 
surface oi the mercury before prepared in the cup b. Then 
withdraw the finger, taking care that in doing this, the end of 
the tube is not raised above the mercury in tjj^e cup. When 
the finger is removed, the mercury will descend four or five 
inches, and after several vibrations, up and down, will recA at 
an elevation of 29 or 30 inches above the surface of that in the 
cup, as at c. Having fixed a scale to the upper part of the 
tube, to indicate the rise and fall of the mercury, the barome- 
ter would be finished, if intended to remain stationary. It is 
usual, however, to have the tube inclosed in a mahogany or 
brass case, to prevent its breaking, and to have the cup closed 
on the top, and fastened to the tube, so that it can be trans- 
ported without danger of spilling the mercury. 

The cup of the portable barometer also differs from th«t re- 
presented in the figure, for, were the mercury inclosed on all 
sides, in a cup of wood, or brass, the air would be prevented 
from acting upon it, and therefore the instrument would be 
useless. To remedy this defect, and still have the mercury 
perfectly inclosed, the bottom of the cup is made of leather, 
which, being elastic, the pressure of the atmosphere acts upon 
the mercury in the same manner as though it was not inclosed 
at all. Below the leather bottom there is a round plate of 
metal an inch in diameter, which is fixed on the top of a 
screw, so that when the instrument is to be transported, by 
elevating this piec6 of metal, the mercury is thrown up to the 
top of the tube and thus kept from playing backwards and 
forwards, when the barometer is in motion. 

A person not acquainted with the principle of this instru- 
ment, on seeing the tube turned bottom upwards, will be per- 
plexed to understand why the mercury does not follow the 
common law of gravity, and descend into the cup ; were the 
tube of glass 33 feet high, and filled with water, the lower end 
being dipped into a tumbler of the same fluid, the wonder 
would be still greater. But as philosophical facts, one is no 
more wonderful than the other, and both are readily explained 
by the principles already illustrated. 

Describe the construction of the barometer, as represented by fig. 105. 
How is the cup of the portable barometer made, so as to retain the 
mercury, and still allow the air to press upon it? What is the use of 
the metallic plate and screw, under the bottom of the cup? Explain the 
reason why the mercury does not fall out of the barometer tube, when 
its open end is downwards. 
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tt has already been shown, that it is the pressure of the 
atmosphere on the fluid around the tube, by which the fluid 
within it, is forced upward, when the pump is exhausted of 
its air. The pressure of the air Wie have also seen, is equal 
to a colamn of water 33 feet high, or of a column of mercury 
29 inches high. Suppose, then, a tube 33 feet high is filled 
with water, the air would then be entirely excluded, and were 
one of its ends closed, and the other end dipped in water, the 
eflfect would be the same as though both ends were closed, 
for the water would not escape, unless the air were permitted 
to push in and fill up its place. The upper end being closed, 
the air could gain no access in that direction, and the open 
end being under water, is equally secure. The quantity of 
water in which the end of the tube is placed, is not essential, 
since the pressure of a column of water an inch in diameter, 
provided it be 33 feet high, is just equal to a column of air of 
an inch in diameter, of the whole height of the atmosphere. 
Hence the water on the outside of the tube serves merely to 
guard against the entrance of the air. 

The sane happens to the barometer tube, when filled with 
mercuxy. Tbe mercury, in the first place, fills the tube per* 
fectly, and therefcHre entirely exchides the air, so that when it 
is inrerted m the cup, all the space above. 29 inches is lefl a 
vacuum. The same efiect precisely would be produced, were 
the tube exhausted of its air, and the open end placed in the 
cup ; the mercury wonkl run up the tube 29 inches, and then 
stop, all above that point being lefl a vacuum. 

The mercury, therefore, is prevented from falling out of the 
tube, by the pressure of the atmosphere on that which remains 
in the cup ; for if this be removed, the air will enter, while 
the mercury will instantly begin to descend. 

In the barometer described, the rise and fall of the mercury 
is indicated by a scale of inches and tenths of inches, fixed 
behind the tube ; but it has been found, that very slight vari- 
ations in the density of the atmosphere, are not readily per- 
ceived by this method. It being, however, desirable that 
these minute changes should be rendered more obvious, a con- 
trivance for increasing the scale, called the wheel barometer 
was invented. 

What fills the space above 29 inches, in the barometer tube ? In the 
common barometer how is the rise and fall of the mercury indicated f 
Why was the wheel barometer invented ? 



128 



BABOKETES. 




Fig. 106. The whole length of the tuhe of the wheel ba- 
rometer, fig. 106, from c to a, is 34 or 35 inches, 
and is filled with mercury, as usual. The mer- 
cury rises in ' the short leg to the point o, where 
there is a small piece of glass floating on its sur- 
face, to which there is attached a silk string, 
passing over the pulley j>. To the axis of the 
pulley is fixed an index, or hand, and behind 
^this is a graduated circle, as seen in the figure. 
jit is obvious, that a very slight variation in the 
r height of the mercury at o, will be indicated by 
a considerable motion of the index, and tbus^ 
changes in the weight of the atmosphere hardly 
perceptible by the common barometer, will be- 
come quite apparent by this. 

The mercury in the barometer tube being sus- 
tained by the pressure of the atmosphere, and 
its medium altitude at the surface of the earth 
being about 29 inches, it might be expected that 
if the instrument was carried to a height from 
the earth's surface, the mercury would sufler a proportionate 
fall, because the pressure must be less, at a distance from the 
earth than at its surface, and experimeiit proves this to be 
the case. When, therefore, this mstrument is elevated to any 
considerable height, the descent of the mercury becomes per- 
ceptible. Even when it is carried to the top of a hill, or high 
tower, there is a sensible depression of the mercury, so that 
the barometer is employed to measure the heights of moun. 
tains, and the elevation to which balloons ascend from the sur- 
face of the earth. On the top of Mont Blanc, which is about 
16000 feet above the level of the sea, the medium elevation of 
the mercury in the tuhe is only 14 inches, while on the sur- 
face of the earth as above stated, it is 29 inches. 

The medium range of the barometer in several countries, 
has generally been stated to be about 29 inches. It appears, 
howev^, from observattons made at Cambridge, in Massachu- 
setts, for the term of 22 years, that its range there was nearly 
30 inches. 

Explain hg. 106, and describe the construction of the wheel barome- 
ter. What is stated to be the medium range of the barometer at the 
surface of the earth ? Suppose the instrument is elevated from the 
earth, what is the effect on the mercury ? How does the barometer in- 
dicate the heights of mountains? What is the medium range of the 
mercury on Mont Blanc? What is stated to be the medium range of 
the barometer at Cambridge ? 



"WhMo'the barometer stands in the same place, near fhelevel 
«of the sea, the mereury seldom falls below 28 inches, or rises 
above 31 inches, its whole range, while stationary, being only 
aboat 3 inches. 

These changes in the weight df the atmosphere, indicate 
corresponding changes in the weather, for it is found, by watch- 
ing these variations in the height of the mercury, that when 
it falls, cloudy or falling weather ensues, and that when it 
rises, fine clear weather may be expected. During the time 
when the Weather is damp and lowering, and the smoke of 
chimnies descends towards the ground, the mercury remains 
depressed, indicating that the weight of the atmosphere during 
such weather is less than it is when the sky is clear. This 
contradicts the common opinion, that the air is the heaviest 
when it contains the greatest quantity of fog and stnoke, and 
that it is the uncomaion weight of the atmosphere which press- 
es these vapors towards the ground. A little consideration 
will show, that in this case the popular belief is erroneous, for 
not only the barometer, but dl the experiments we have de- 
tailed, on the subject of specific gravity, tend to«how that the 
lighter any fluid is, the deeper any fiiibstance of a given weight 
will sinkan it. Common observation, ought,' there fore, to cor- 
rect the error, for every body knows that a heavy body will 
sink in water while a light one will swim, and by the same 
kind of reasoning ought to consider, that the particles of va- 
por would descend through a light atmosphere, while they 
would be pressed up into the higher regions, T>y a heavier air. 

The principal use of the barometar is oa board of ships, 
where it is employed to indicate the approach of storms, and 
thus to give an opportunity of preparing accordiagly; audit 
is found that thB mercury sufiers a most remarkable depression 
before the approach of violent winds, or hurricanes. The 
watchful captain, particularly in southern latitudes, is always 
attentive to this monitor, and when he observes the mercury to 
sink suddenly, takes his measures without delay to meet the 
tempest. During a violent storm, we have seen the. wheel 
barometer sink a hundred degrees in a few hours. But we 

How many inches does a fixed barometer vary in height ? When the 
mercury falls, what kind of weather is indicated ? When the mercury 
rises, what kind of weather may be ezpec^d ? When fog and smoke 
descend towards the ground, is it a sign of a light or heavy atmos- 
phere f By what analogy is it shown that the air is lightest when filled 
with vapor P Of what use is the barometer, on board of ships ? When 
sdQOB the mercury suffer the most remarkable depression, f 
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cannot iUttitrate the use of this iintnimeot at #•& better thab 
ta give the foUowing extract from Dr, Aniot, who was himself 
present at the time. << It was," say« he, " in a southern lalt« 
tude. The siin had just set with a placid appearance, dosing 
arbeautifUl afternoon, and the usual mirth of the evening watch 
proceeding, when the captain's orders came, to prepare with 
all. haste for a storm. The barometer had begun to fall with, 
appalling rapidity. As yet, the oldest sailors had not per* 
c^ved even a threatening ia the sky, and were surprised at 
the extent, and hurry of the preparalioDS ; but the required 
measures were not completed, when a more awful hurricane 
h^st upon them, than the most experienced had ever braved. 
Nothing could withstand it ; the sails already furled, and close- 
ly bound to the yards, were riven into tatters ; even the bare 
yards and maets were in a great measure disabled; and at 
one time the whole rigging had nearly rfklien by the board. 
Such, for a few hours, was the mingled, roar of the hurricane 
above, of the waves around, and the incessant peals of thun- 
der, that no human voice could be heard, and amidst the gen- 
eral consternation, even the trumpet sounded in vain. On 
that awful night, but for a little tube of 'mercury, which had 
£^ven the warning, neither the strength of the noble ship^ nor 
Xhe skill and energies of her commander, could have saved 
01^ man to tell the tale." 

Pumps. 

There is a philosophical experiment, of Which no one in 
this country is ignorant. If one end of a straw be introduced 
into a barrel of cider, and the other end sucked with the 
mouth, the' cider will ride up through the straw, and may be 
swallowed. 

The principles which this experiment involve, are exactly 
the same as those concerned in raising water by the pump. 
The barrel of cider answers to the well, the straw to the pump 
log, and the mouth acts as the piston, by which the air is re- 
moved* 

The efficacy of the common pump, in rdising water, de- 
pends upon the principle of atmospheric pressure, which 
has been fully illustrated under the articles air pump and ha- 
rometer. 

What remarkable instance is stated, where a ship seemed to be saved 
by the use of the barometer ? What experiment is stated, as illustra- 
tingr tlie principle of the common puiiip f 
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These maohines are of tbfee kinds, nstmely, the mckiiig, 
i»r<:ammon pump, the WUng pump, and the forcing pump. 

Fig. 107. Of these, the common or household pump 

r is the Thost common, and for ordinary pur- 
s, the most convenient. It consists of 
a long tuhe, or barrel, called the pun^ hg^ 
which reaches from a few feet above the 
ground totiear the bottom of the well. At 
^, fig. 10"?, is a valve, opening upwards, 
called the pump hox. When the pump is 
not in action, this is always shut. The 
piston h, has an aperture through it, which 
is «losedhy a valve, also opening upwards. 
By the pupil who has learned what has 
been eaoplain^ed under the articles air 
^ump^ aiad barometer, the action of this 
machine will be readily understood. 

Suppose the piston hj to. be down to a, 
then on depressing the lever c, a vacuum 
would be formed between a, and by did 
not the water in the w^l rise, in consequence of the pressure 
of the atmosphere on that a^nnd the pqmp log in the well, 
and talte Ifhe place of thft ahr thue removed. Ti^ on raising 
the end of the lever, the valves closes, because the water is 
farced upon it, in consequence of the descent of the piston, 
and at the same time the valve in the piston h opens, and the 
water, which eaiukot descend, now passes above the valve h. 
Next, on raising the piston, by again depressing the lever, this 
portion of water is tifted up to ft, or a little above it, while an- 
dther portion rushes through the valve a, to fill its place. 
After a few strokes of the lever, the 9pace from the piston ft 
to the spmit is filled with the water, where, on continuing to 
work the lever, it is discharged in a constant stream. 

Although, in common language, this is called the suction 
pump, still it will be observed, that the water is elevated by 
iucHon^ or in more philosophical terms, by atmospheric p^ei9. ' 

Oa what does the action of the commmi pump depend ? How many 
kinds of pnmps are mentioned ? Which kind is the common? D^icribe 
the common pump. Explain how the common pump acts. When the 
lever is depressed, what takes place in the pump barrel? When the 
lever is elevated, what takes place? How fkr is the water raised by 
atthospheric pressure, and how far by lifUng ? 
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sure, only above the valve a, after which it is raised hy liftings 
iip to the spout. The water, therefore, is pressed into the 
pump barrel hy the atmosphere, and thrown out by lifting. 

The lifting pump^ properly so called,, has the piston in the 
lower end of the barrel, and raises the water through the 
whole distance, by forcing it upward without the agency of 
the atmosphere. 

In the suction pump, the pressure of the atmosphere will 
raise the water S3 or 34 feet» and no mote, after which it may 
be lifled to any height required. 

The /orcing pump differs from both these in having its pis- 
ion solid, or without a valve, and also in having a side pipe, 
through which the water is forced, instead of rising iaa per- 
pendicular direction, as in the others. 

Fig. 108. 'j'jjg forcing pamp is represent, 

ed by fig. kOS, where a is a solid 
piston, working air tight in its 
barrel. The tube c, feads from 
the barrel to the air vessel d. 
Through the pipe p the water is 
tiirown into the open air. ^ is a 
gauge, by which the pressure of 
the water in the air vessel is as- 
certained. Through the pipe i, 

« ^ the water ascends into the barrel, 

/1^%^|r ~"^ the upper end being furnished 

I , ^^ ^^^^ ^ valve opening upwards. 

P I ^^^ To explain the action of this 

^^^'^ ' pump, suppose the piston to be 

^ down to the bottom of the barrel, 

and then to be raised upward by 
the lever 2; the tendency to form 
a vacuum in the barrel will bring 
^ the water up through the pipe i, 

by the pressure of the atmos- 
phere. Then on depressing the piston, the valve at the bottom 
of ttie barrel will be closed, and the water, not finding admit- 
tance through the pipe whence it came, will be forced through 
the pipe c, and opening the valve at its upper end, will enter 

How does the lifting .pump differ from the common pump ? How 
does the feeing pump differ from the common pump ? Explain fig. 
108, and show in what manner the water is brought up through ihe pipe 
t and afterwards thrown out at the pipe/i. 
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into the adr yeaisel dy and be discharged through the pipe j)y 
into the open air. 

The water is therefore eleyated to the piston barrel by the 
pressure of the atmosphere, and afterwards thrown out by the 
piston. It is obviods that by this arrangement, the height to 
whioh the Quid may be thrown, will depend on the power ap- 
plied to the lever, and the strength with which the pump is 
made. 

The air vessel d, contains air in its upper part only, the 
lower part, as ^e have already seep, being filled with water. 
The pipe p, called the discharging pipe, passes down into the 
water so that the air cannot escape. The air is therefore 
compressed, as^the water is forced into the lower part of the 
vessel, and reacting upon the fluid by its elasticity, throws it 
out of the pipe in a continued stream. The constant stream 
which is emitted from the direction pipe of the fire engine is 
entirely owing to the compression, and elasticity of the air in 
its air vessel. In pumps without such a vessel, as the water is 
forced upwards, only while the.piston is acting upon it, there 
must be au interruption of the stream while the piston is as- 
cending, as in the common pump. The air vessel is a reme- 
dy for this defect, and is found also , to render the labour of 
puoiping more easy, bjocause the force with which the ^ir in 
the vessel acts on the water, is always in addition to that giv- 
en by the force of the piston. 

The fire engine is amodifica. 
tion of the forcing pump. It 
consists of two such pumps, the 
pistons of which are moved by 
a lever with equal arms, the com- 
mon fulcrum being ate, fig. 109. 
While the piston a is descends 
ing, the other piston b, is ascend, 
ing. The water is forced by 
the pressure of the atmosphere, 
through the common pipep, and 
then dividing, ascends into the 
working barrels of each piston, 
where the valves, on both sides, 
prevent its return. By the al- 
ternate depression of the pistons, 
it is then forced into the air box 



Fig. 109. 




Why does not the air escape from the air vessel in this pump ? 
12* 
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4, and then by the diitction pipe a, is thrown where it is want- 
ed. This machine acts precisely like the forci&fic pump, only 
that its power is doubled by having two pistons instead of one. 
Wig. 110. There is a beautiful fountain, called 

the fountain of Hiero, which acts by 
the elasticity of the air, and on the 
same principle as that already describ- 
ed. Its construction will be under- 
stood by fig. 110, but its form may be 
varied according to the dictates of 
fancy or taste. The boxelb a and h, 
together with the two tubes, are made 
air tight, and strong, in proportion to 
the height it is desired the fountain 
should play. 

To prepare the fountain for action, 
fill the box a, through the spouting 
tube nearly full of water. The tube 
c, passing nearly to the top of the box, 
will prevent the water from passing 
downwards, while the spouting pipe 

will provent the air from escaping up. 

Wards, after the vessel is about half filled with the water. 
Next shut the stop cock, of the spouting pipe, and pour watet 
into the open vessel d* This will descend into the vessel h^ 
through &e tube, which nearly roaches its bottom, so that 
afler^a few inches of wateir are poured in, no air can escape 
except by the tube e, up into the vessel a. The air will then 
be compressed by the weight of the column of water in the 
tube e, and therefore the force of the water from the jet pipe 
ivill be in proportion to the height of this tube. On turning 
the stop cock, a jet of watef will spout from the pipe that will 
amuse and astonish those who have never before seen such 
an experiment. [For aiket praperiies of air^ see Chemistry.] 



ACOUSTICS. 

Acoustics is that branch of natural philosophy which treats 
of th(B origin, propagation, and effects of sound. 

What effect does the air vessel have on the stream dischar^d ? W hy 
does the air vessel render the labor of raising the ivater more easy ? 
Explain fig. 109, and desoribe the action of the fire engine. What csu' 
aes the continued stream from the direction pipe of this engine ? HoW 
is the fountain of Hiero C9nat7ucted ? 



VThea « sonorottSy w «oundtng bodf is stradc^ it n thfown 
into a tremuloQd, or vibrating motion. This motion is eom« 
municated to thd air which sun^unds ua^ and by the air is con. 
veyed to our ear drums, which also undergo a vibratory mow 
tion, and thin last motion, throwing the auditory nerves into 
action, we thereby gain the sensation ol sound. 

If any sounding body of considerable size, is suspended in 
the air and struck, this tremulous motion is distinctly visible 
to the eye, and while the eye perceives its motion, the ear per- 
ceives the sound. 

That sound is conveyed to the ear by the motion which the 
sounding body Communicates to the air, is proved by an inter- 
esting experiment with the air pump. Among philosophical 
instruments, there is a small bell, the haAiilier of l^hich is 
moved by a spring connected with clock-work, and which is 
made expressly for this experiment. 

If this instrument be wound up, and placed under the re- 
ceiver of an air pump, the sound of the bell may at first be 
heard to a considerablOvdistance, but as the air is eithausted, 
it becomes less add less^udible, until no longer to be heard, 
the strokes of the hammeV, though seen by the eye, producing 
no effect upon the ear. Upon allowing the air to return grad- 
ually, a faint sound is at first heard, which becomes louder 
and louder, until as much air is admitted, as was withdrawn. 
On the contrary, When the air is more dense than ordinary, 
or when a greater quantity is contained in a vessel, than in 
the same space in the open air, the efienct of sound on the ear 
is increased. This is illustrated by the use of the diving b^. 
The diving bell is a large vessel, open at the bottom, under 
which men descend to the beds of rivers, for the purpose of 
obtaining articles from the Wrecks of vessels. When this 
machine is sunk to any considerable depth, the water above, 
by its pressure, condenses the air under it with great force. 
In this situation^ a whisper is as loud as a common voice in 
the open air, and an ordinary voice becomes painful to the ear. 
Again, on the tops of high mountains, where the pressure, 
or density of the air is much less than on the surface of the 
earth, the report of a pistol is heard only a few rods, and the 

On what will t 
What is acoustics ? 
in what manner do we gain i 
proved, that sound is conveyed to the ear by the medium of the air f 
When the air is more dense than ordinary) how does it affect sound f 
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human voice is so weak as to be inaudiUe at ofdiiiKry dis- 

taaces. 

Thus, the atmosphere which surrounds us, is the medium 
by which sounds are conveyed to our ears, and to its vibra. 
tions we are indebted for the sense of hearing, as well as all 
we enjoy from the charms of music. 

The atmosphere, though the most common, is not, however, 
the only, or the best conductor of sound. Solid bodies con- 
duct sound better than elastic fluids. Hence if a person lay 
his ear on a long stick of timber, the scratch of a pin may be 
heard from the other end of the timber, which could not be 
percefVed through the air. 

The earth conducts loud rumbling sounds made below its 
surface to great distances. Thus it is said, that ip countries 
where volca^ioes exist, the, rumbling noise which generally 
precedes an eruption, is heard first, by the beasts of the field, 
because their ears are commonly near the ground, and that 
by their agitation and alarm, they give warning of its ap- 
proach. 

The Indians of our country will discover the approach of 
horses or men, by laying their ears on the ground, when they 
are at such distances as not to be heard in any other manner. 

Sound is propagated through the air at the rate of 1142 feet 
in a second of time. When compared with the velocity of 
light, it thereforcs moves but slowly. Any one may be con- 
vinced of this, by watching the discharge of cannon at a dis. 
tance. The flash is seen apparently at the instant the gunner 
touches Are to the powder, the whizzing of the ball, if the ear 
is in its direction, is next hoard, and lastly the report. 

Solid substances convey sounds with greater velocity than 
air, as is proved by the following experiment, lately made 
at Paris. 

At the extremity of a cylindrical tube, upwards of 3000 
feet long, a ring of metal was placed, of the same diameter as 
the aperture of the tube ; and in the centre of this ring, in 
the mouth of the tube, was suspended a clock bell, and ham- 
mer. The hammer was made to strike the ring and the bell 
at the same instant, so that the sound of the ring would be 

What is said of the effects of soand on the tops of hlffh moontainB ? 
Which are the best conductors of sound, solid or elastic substances f 
What is said of the earth as a conduclor of sounds f How is it said 
that the Indians discover the approach of horses ? How fast does 
sound pass through the air ? Which convey sounds with the greatest' 
velocity, solid substances, or air* 
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tranmnitted to- the remote emi of the tube, through the con- 
ducting power ci* the tube itself, while, the sound of the bell 
would be transmitted through the medium of the air inclosed 
in thq tuhe. The ear being then placed at the remote end of 
the tube^ the sound of the ring, transmitted by the metal of 
the tube, was first heard distinctly, an^d after a short interval 
had elapsed, the sound of the b^ll,. transmitted by the, air- in 
the tube was heard. The result of several experiments was, 
that the noetal conducted the sound at the rate of about 11,^5 
feet per second, which is about ten and a half times the velo- 
city with which it is conducted by the air. 

Sound moves forward in straight lines, and in this respect 
follows the same laws as moviog^^ bodies, and light. It also 
follows the same laws in being reflected, or thrown baek, 
when it strikes a solid, or reflecting surface. 

If the surface be smooth, and of considerable dimensions, 
the sound will be rejected, and an echa will be heard ; but 
if the surface is very irregular, sofl, or small, no such eiect 
will be produced. • 

la order to hear the echo, the ear must be placed in a ceri 
tain direction, in respect to the point where the sound is pro-< 
duced, and the reflecting surface. 

Fig. m. i£ ^ sound be produced at a, fig. Ill, and 

^ strike the plane surface ft, it will be reflected 

hack in the same line, and the echo will be 
beard at c or <». That is, the angle under 
which it approaches the reflecting surface, 
and that under which it leaves it, will be 
equal. 

Whether the sound strikes the reflecting 
surface at right angles, or obliquely, the an- 
gle of approach, and the angle of reflection 
will always be the same> and equal. 
Fig. na. This is illustrated by 

fig« 1 12, where suppose a 
^ ^ pistol to be fired at a, 

£ while the reflecting sur« 

face is at c ; then the echo 
will be heard at ft, the an- 
gles 2 and 1 being equal 
to each other, 
bescribe tho e9:periinent p^-oving that soMnd is conducted by a meta) 
with greater yelociiy than by the air. In what lines does 9Qund moye I 
From what kind of aurface ia lound reflected, so as to produce f^n echo? 
Explain fig. 111. 



<C 



^a 




M8 



jLooiwnot. 



If a sound be etnitted between two reAecfmg saarfiices, 
psralkl to each other, it wUl reverberate, 'W be answered 
backwards and forwards several times. 

Thus, if the sound bemade at a, fig. 113, 
it will not only rebound back again to ff, but 
win also be reflected fVom the points c and 
d, and were such reflecting surfaces placed 
at every point around a circle from a, the 
sound would be thrown back from them all, 
at the same instant, and would meet again 
^ at the point a. 

We shall see under the article Optics, 
that light observes exactly the same law ia 
respect to its reflection from plane surfaces, and that the angle 
at which it strikes is called the amgle of incidence, and that 
under which it leaves the reflecting surface is called the angle 
cf rejkctiion. The same terms are employed in respect to 




In a cirile, as mentioned above, sound is reflected from 
every plane surface placed around it, and hence if the sound 
is emitted from the centre of a circle, this centre will be the 
point at which the echo will be the most distinct. 

Suppose the ear to be placed at 
the point a, fig. 114, in the centre 
of a circle ; •afid let a sound be 
produced at the same point, then it 
will move along the line a e, and 
be refleeted from the plane sur- 
\b face, back on the same line to a; 
and this will take place from all 
the plane surfaces placed around the 
circumference of a circle ; and as 
all these surfaces are at the same 
distance from the centre, so the 
reflected sound will arrive at the point a, at the same instant, 
and the echo will be loud, in proportion to the number, and 
perfection of these reflecting surfaces, 

Ezplftia fig. 112, and show in what directicin sound approaehes and 
Itaves a reflecting surface. What is the argle under which sound 
strikes a reflecting surface called ? What is the angle under which it 
leaves a reflecting: surface called? Is there any difference in the quan- 
tity of these two angles ? Suppose a pistol to be fired in the centre of 
a cirettlar room, where woald be the echo ? 
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It 4»t t ppareat that the auditor, in tilts ease, must be placed 
ia the centre: firem which the souad proeeed^ to receive the 
greatest effects But 'if the shape of the room be oval, or ^lip«. 
tiejEdy the souod amy be made in one'part, and tha echo will 
be heard ia another part, because the ellipse has two points, 
ealled (bei, at one of which, the sound being produced, it will 
he concentrated in ihe other. 

Fig. 115. Suppose a sound to he produced at a, 

" "^ Sg. 115, it will be' reflected from the 

sides of the room, the angles of incidence 
being equal to those of reflection, and 
will be concentrated at h. Hence a 
hearer standing at h will be eflected by 
<the united rays of sound from diflerent 
parts of the room, so that a whisper at a, 
^C will become audible at &, when it would 
uot be heard in any other part of the: 
room. Were the sides of the room lined 
m^ith a polished metal, the rays of light 
or heat would be concentrated in the 
same manner. 

The reason of this will be obvious, when we coasider, that 
an ea;r, placed at c will receive only one ray of the sound pro- 
ceeding from a, while if placed at^, it will receive the rays- 
from all parts of the room. Such a room, whether oonstruet* 
ed \^ design or accident, wottld.be a whispering gdUery, 

Oa a smooth surface, the rays, or pulses of sound will paaS' 
with less impediment than on a rough one. For this reason, 
persons can talk to each other on the oppo^te sides of a river, 
when they could not be understood to the same distaace over 
the land. The report of a cannon, at sea, when the water is' 
smooth, may be heard at a great distanee, but if the sea is 
rough, even without wind, the sound will be broken, and will 
reach only half as far. 

The strings oiwuMcal instrumtmis are elastic oords, which 
being fixed at each endy produce sounds, by vibratiqg in the 
middle. 

Ejqplain fig. 1 14, and give the iowkmi. Suppose 'a sound to be pro- 
duced in one of the foci of an ellipse, where then might it be distinctly 
heard ? Explain fig. 115, and give. Uae reason. Why is it that persons ^ 
canconyerae on the opposite s^es of a river, when they could not hear * 
each other at the same distance over tbo^ land ? Hew do the strings of 
musical iaftrumenta produce sounds ^ 




Tbb string of a vkiin <nr pianos when pulled to doe side hf 
lis middle, and let go, will vibrate backwards and forwards, 
like a pendulum, and striking rapidly against the air produces 
tones, which ore grare, •or acute, aeeerding to its tension, size, 
or length. 

The Inanner m which «iich a string vibrates, is skoWn -l^ 
fig. 116. 

^^••^^^ If pulled from c to 

a, it will not stop a- 
gain at e, but in pas. 
sing from a to e, it 
will gain a momen. 
_ tUm, which will car- 

^ r}' it to c, and in re- 

turning, itis momientum will again carry it to d, sLnd so on,* back- 
wards and forwards, like a pendulum, until its tension, and 
the resistance of the air, will finally bring it torest. 

The grave, or sharp tones of the same string, depend on 
its different degrees of tension ; hence if a string be struck, 
and while vibrating, its tension be increased, its tone will 
>be changed from a lower to a higher ^tch. 

Strings of the^same length are made to vibrate slow, or 
quick, and 'Consequently to produce a variety of sounds, by 
making some larger thsn 'others, and giving them different 
degrees of tension. The moHin Bnd<ba»8 vid are familiar ex- 
amples of this. The low, or bass brings, are covered with 
metallic wire, in order to make their magnitude and weight, 
prevent their^ihrations from being too rapid, andHhus they 
are made to^give deep or grave tones. The^other strings are 
diminished in thickness, 'and increased in tension, so as to 
make them produce a^greater number of vibrations in a given 
time, ^and thus their tones ^become sharp 'Or 'acute, in pro- 
portion. 

Under certain circumstances, a long string ^will divide itself 
into halves, thirds, or quarters, without depressing any part 
of it, and thus give several harmonious tones atthe same time. 
The fairy tones of the JQolian harp are produced in this 
manner. This instrument consists of a simple bpx of wood, 
with lour or 'five strings, two or three feet long, fastened at 

Expliinfig.'llS. On what do the |[rave or acuteHonen of the same 
string depend ? Why are the bass strings of instruments covered with 
metallic wire? Why is there a variety of tones in the^oliaaharpt 
^sinc& all the striqgs^re tuned in> unison ? 
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eacb end. These are tuned in unison, so that when made to 
vibrate with force, they produce the same tones. But when 
suspended in a gentle breeze^ each string, according to the 
manner or foree in whtefa it receives the blast, either sounds 
as a whole, or is divided into several parts, as above described. 
*< The vesult of which," says- Dr. Arnot, " is the production.of 
the most pleasing combination, and succession of sounds, 
that the ear ever listened to, or fancy perhaps conceived. 
After a pause, this fairy harp is often heard beginning with a 
low, and solemn, note, like the base of distant music in the 
sky ; the sound then swells* as if approaching, and other tones 
bieak forth, mingling with the first, and with each other." 

The maimer in which a string vibrates in parts, will be un- 
derstood by fig. 117. 

Fig. 117. 




Suppose the whole length of the string to be from a to 5, 
and that it is fixed at these two points. The portion from h 
to c, vibrates as though it was fixed at o, and its tone differs 
fxom those of the other parts of the string. The same happens 
froBftc to dy and from ^ to a. While a string is thus vibra- 
ting, if a small piece of paper be laid on the part c, or c2, it 
wiUremain, but if placed on any other part of the string, it 
will be shaken od*. 

Wind is nothing more than ais in motion. The use of a 
fan, in warm weather, only serves to move the air, and thus 
to make a little breeze about the person using it. 

As a natural phenomenon, that motion of the air which we 
call wind, is produced in consequence of there being a great- 
er degree of heat in one place than in another. The air thus 
heated, rises upward^ while that which surrounds this, moves 
forward to restore the equilibrium. 

The truth of this is illustrated by the fact, that during the 
burning of a house in a calm night, the motion of the air to- 
wards the place, where it is thus rarefied, makes the wind blow 
from every point towards the flame. 

Explain fig. 117, showing the manner in which strings vibrate in 
parts. What is wind ? As a natural phenomenon how is wind produced, 
or, what is tbo cause of wind f How is this iliustratod ? 

13 
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In islands situated in hot climates, this principle is charm- 
ingly illustrated. The land, during the day time, being under 
the rays of a tropical sun, becomes heated in a greater degree 
than the surrounding ocean, and consequently, there rises 
from the land a stream of warm air, during the day, while 
the cooler air from the surface of the water, moving forward 
to supply this partial vacancy, produces a cool breeze setting 
inland on all sides of the island. This, constitutes the sea 
breeze, which is so delightful to the inhabitants of those hot 
countries, and without which men could hardly exist in some 
of the most luxuriant islands between the tropics. 

During the night the motion of the air is reversed, because 
the earth, being heated superficially, soon cools, when the sun 
is absent, while the water being warmed several feet below 
its surface retains its heat longer. 

Consequently, towards morning, the earth becomes colder 
' than the water, and the air sinking down upon it, seeks an 
equilibrium by flowing outwards, like rays from a centre, and 
thus the land breeze is produced. 

The wind then continues to blow from the land, until the 
equilibrium is restored, or until the morning sun makes the 
land of the same temperature as the water, when for a time 
there will be a dead calm. Then again the land becoming 
warmer than the water,, the sea breeze returns as before, and 
thus the inhabitants of those sultry climates are constantly re- 
freshed during the summer 9ea6on, with alternate land and 
sea breezes. 

At the equator, which is a part of the earth continually un- 
der the heat of a burning sun, the air is expanded and ascends 
upwards, so as to produce currents from the north and south, 
which move forward to supply the place of the heated air as it 
rises. These two currents, coming from latitudes, where the 
daily motion of the earth is less than at the equator, do not 
obtain its full rate of niotion, and therefore when they ap- 
proach the equator, do not move so fast eastward as that por- 
tion of the earth, by the difference between the equator's 
velocity, and that of the latitudes from which they come. 
This wind, therefore, falls behind the earth in her diurnal 
motion, and consequently has a relative motion towards the 

In the islands of hot climates, why does the wind blow inland during 
the day, and off the land during the night ? What are these breezes 
called ? What is said of the ascent of heated air at the equator ? What 
is the consequence on the air towards the north and south f 



west* This constant breeze t<>wards the west is called the 
. tnxde wind, because a large portion of the commerce of na- 
tion?, comes within its influence. 

While the air in the lo^er regions of the atmosphere is 
thus constantly flowing frotn the north and south towards the 
equator, and forming the trade winds between the tropics, the 
heated air from these regions as perpetually rises up, and 
forms a counter current through the higher regions towards 
the north and south from the tropics, thus restoring the equi- 
librium. 

This counter motion of the air in the upper and lower re- 
gions is illustrated by a very simple experiment. Open a door 
a few inched, leading into a heated room, and hold a lighted 
candle at the top of the passage ; the current of air as indica- 
ted by the direction 6f thfe flame, will be out of the room. 
Then set the candle on the floor, and it will show that the cur- 
rent is there into the room. Thus while the heated air rises 
up and passes out of the room, that which is colder flows in^ 
along the floor, to take its place. 

This explains the reason why our feet are apt to suflTer with 
thfe cold, in a room moderately heated, while the other parts 
of the body are comfortable. It also explains why those who 
sit in the galleryof a church are i^ulfiiciently warm, while thiDse 
who sit below, may be shivering with the cold. 

From such facts, showing the tendency of heated air to as- 
cend, while that which is colder moves forward to supply its 
place, it is easy to account for the reason why the wind blows 
perpetually from the north and south towards the tropics ; for, 
the air being heated, as stated above, it ascends, and then flows 
north and south towards the poles, until, growing cold, it sinks 
down, and again flows towards the equator. 

Fig. 118. Perhaps 

d e these oppo- 

site motions 
of the two 
currentswill 
be better un- 
derstood by 
the sketch 
C «r figure 118. 

How {ire the trade windi formed ? While the air in the lower re- 
gions flows from the north and south towards the equator, in what di- 
rection does it flow in higher regions f How is this counter current in- 
lower and upper regions illustrated by a simple experiment? 
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Suppose IF be to sepir^seat a poftimi of ibe eaith's surface, 
a being towards the nortli pole, c towards the south pole and h 
the equator. The currents of air are supposed to pass in the 
direction of the arrows. The wjfid, therefore, from a to 5 
would blow, on the surface of the earth, from north to south, 
while from e to a, the upper current would pass from south to 
north, until it came to a, when it would change its direction 
towards the south. The currents ia the southern hemisphere 
being governed by the same laws, would assume similar di. 
rections. 

optFcs, 

Optics is that science which treats of vision, and the pro. 
perties and phenomena of light. 

The term optics is derived from a Greek word, which signi« 
. fies seeing. 

This science is one of the most elegant and inportaat 
branches of natur^ philosophy. It presents us with experi- 
ments which are attractive by their beauty, and which astonish 
^8 by their novelty ; and, at the same time, it investigates the 
principles of some of the most useful among the articles of 
common life. 

There are two opinioas concerning the nature of light. 
Some maintain that it is composed of material particles, which 
are constantly thrown off from the luminous body ; while oth- 
et8 suppose that it is a fluid diffused through all nature, and 
that the luminous, or burning body occasions waves, or undu- 
lations in this fluid, by which the light is propagated in the 
same manner as sound is conveyed through the air. The 
most probable opinion however, isy that light is composed of 
exceedingly minute particles of matter. But whatever may 
be the nature, or cause of light, it has certain general proper- 
ties, or effects which we can investigate. Thus, by experi- 
ments, we can determine the laws by which it is governed 
in its passage through different transparent substances, and 
also those by which it is governed when it strikes a substance 
through which it cannot pass. We can Ukewise test its na- 
ture to a certain degree, by decomposing, or dividing it into 
its elementary parts, as the chemist decomposes any substance 
he wishes to analyze. 

What common fact does this )Bzp6rtra«nt illustrate ? £)efiiie Optica. 
What is said of the elegance and importanee of this science ? What 
are the two opinions concerning the nature of light ? What is the most 
probable opinion ? 
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To uadefrtaod the scieoee of optics^ it is necessary to de- 
fine several terms, which, although some of them may be in 
common use, have a technical meamng, when applied to this 
science. 

Light is that principle, or substance^ which enables us to see 
any body from which it proceeds. If a luminous substance, 
as a burning candle, be carried into a dark room, the objects 
in the room become visible, because they reflect the light of 
the candle to bur eyes. F(}r the Chemical effects of Light, see 
Chemistry. 

Luminous bodies are such as emit light from their own 
substance.' The sUn,' fire, and phesphorus, are luminous bo- 
dies. The moon, and the other planets are not luminous, 
since they borrow their light from the sun. 

TransparefU bodies are such as permit the rays of light to 
pass freely through them. Air and some of the gases are 
perfectly transparent, since they transmit light without being 
visible themselves. Glass and water are also considered 
transparent, but the^ are not perfectly so, since they are them- 
selves visible, and therefore do not suffer the light to pass 
through them without interruption. 

Translucent bodies are Such as permit the light to pass, but 
not in sufficient quantity to render objects distinct, when seen 
through them. 

Opaque is the reverse of transparent. Any body which 
permits none of the rays of light to pass through it, is opaque. 

Illuminated, enlightened. Any thing is illuminated when 
the light shines upon it, so as to make it visible. Every obv 
ject exposed to the sun is illuminated. A lamp illuminates 
a room, and every thing in it. 

A Bay is a single line of light, as it comes froin a lumin* 
ous body. 

A Beam of light is a body of parallel rays. 

A Pencil of light is a body of diverging or converging raysk 

Divergent rays, are such as come from a point, and contin. 
ually separate wider apart, as they proceed. 

What is light? What is a luminoos body? What is a transparent 
body ? Are glass and water perfectly transparent ? How is it proved 
that air is perfectly transparent ? What are translucent bodiesf What 
are opaque bodies f What is meant by illuminated ? What is a ray of 
light? What is a beam t What a pencil ? What are divergent rays ? 

13* 




Oimt^rfMif Tayfl, are |hoie wMdi approach eadli other, so 
as to meet at a common point. 

IrtfmmotM bodies emit rays, or pencils of light, in eveiy ^* 
rection, so that the space through which they are visible is 
illed with them at every possible point. 

Thus the sun illuminates every point of space, within the 
whole solar system. A light, as that of a light house, which 
can be seen from the distance of ten miles in one dire<^on, 
fklh every point in a cirenit of ten miles from it, with light. 
Were this not the Case, the light from it could not be seen fewn 
every point within that circumference. 

The rays of light move forward in straight linea from the 
luminous body, and' are never turned out of their coarse ex- 
cept by some obstacle. 

Fig. 119. Let a, %. 119, 

be abeam of light 
from the sunpass^ 
ing through a 
small ortiioe in 
the window shut- 
ter h. The sail 
cannot be seen through the crooked tube e, beeanse the beam 
passing in a straight line, strikes the side of the tube, and 
therefore does not pass through it. 

All illuminated bodies, whether natltral er artificial, throw 
off light in every direction of the same colour as themselves, 
though the light with which they are ilhnniBated is Ivhite or 
without colour. 

This fact is ebirious to all who are endowed irith sight. 
Thus, the light proceeding from grafed is greeny while that 
proceeding from 9, ros^ is redj and so of evely other colonr; 

We shall b6 convinced in another place, that thfe wlute light 
with which things are illuminated is really composed of sev^ 
oral colours, and that bodies reflect ctoly the rays of their own 
colours, while they absorb all th^ other rays. 

Light moves with the amazing rapidity of about 95 million^ 
of miles in 8| minutes, since it is proved, by certain astro- 
nomical observations, that the light <iS the sun comes to the 

What are convergent raysf In what diiectioa do laminoiii bodies 
omil light ? How ia it proved that a laminoiM body fills everjr point 
within a certain distance with light f Why cannot a beam of light he 
seen through a bent tube? What is the colour of the light which dif- 
ferent bodies throw off? If grass throws off green light, what beeomes 
of the other rays ? 



eUtft m tbttt ikn^. This Veiodty ra «d grei^, ttiat to any dis- 
tance at which an artificial light can bd seen, k aeems to b^ 
transmitied instantaneously. 

If a ton of gun powder were exploded on the top of a inoun- 
tain, where its light could be seen a hundred miles, no per^ 
ceptible difibrence would be observed in the timie of its ap. 
pearaace on the Spot, and at the <llstan<c«of a hundred miles. 
Refraetion of Lijght. 

Although a ray of light will always pass in a straight line, 
when not interrupted, yet when it passes obliquely from on^ 
transpan^nt body into another, of a different densityj tt leaver 
its former direction, and is bent) or refracted^ morifr or less 
iemt of its former course. This l^ange in the direction of light, 
seems to arise from a certain power, or quality whibh trans^ 
psbrent bodies possess in different degrees ; for some sdb- 
Flg. 120. stances bend the rays of light much 

more obliquely than others. 

Tke manner in which the rays of 
light are refracted, may be readily un- 
derstood by fig. 120. 

Let d be a ray of the sun^s lights pro- 
ceeding obliquely towards the surface 
of the water ib, f2, and let e be the point 
Which it woukl strikis, if moving only 
through the air. Now iniA<^ad of pass^ 
ing through the water in t& line a, e, it will be bent or re* 
Fisf. 121. fracted on entering the watery 

from to ft, and having passed 
through the fliiid it ii^ again re* 
fhict^ in a contrary direct 
tion on passing out of the wa^^ 
t(»r, and then proceeds onward 
in a stra^ht line as before. 





The refraction of water is 
beautifully proved by the fol- 
lowing simple experimenti 
Place an empty cup, fig. 121, 
with a shilling on the bottom, in such a position^ that the side 

What is the rate of velocity with which light moves ? Can we per: 
ceive any difference in the time which it takes an artificial light to pass 
to us firom a great or small distance ? What is meant by the refraction 
of light f Do all transparent bodies refrifict light equally P 
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<^the cup will jii«t hide the piece of money from the eye« 
Then let another person fill the cup with water, keeping the 
eye in the same position as before. As the water is poured 
in, the shilling will beCotaie visible, appearing to rise with 
the water. The efiect of the water is to bend the ray of light 
coming from the shilling, so as to make it meet the eye below 
the point where it otherwise would. Thu» the eye could not 
see the shilling in the direction of c, since the line of vision 
is towards a, and c is hidden by the side of the cup. But the 
refraction of the water bends the ray downwards, producing 
the same efiect as though the object had been raised upwards, 
and hence it becomes visible. 

The transparent body through which the light passes is 
called the medium^ and it is found in all cases, << ^uU where a 
ray of ligJu passes obliquely from one medium ifOo another of 
a different density , it is refracted^ or turned out of its former 
course,^* This is illustrated in the above examples, the winter 
being a more dense medium , than the air. The refraction 
takes place iat the surface of the medium, and the ray is re- 
fracted in its passage out of the refracting substances as well 
as into it. . 

Jf the ray, afier having passed through the water, then 
strikes upon a still more depse medium, as a pane of glass, it 
will again be refracted. It is. understood, 
that in all cases the ray must fall upon the 
refracting medium obliquely in order to be re- 
fracted, for if it proceeds from one medium to 
another perpendicularly to their surfaces, it 
will pass straight through them all, and no re- 
fraction will take place. 

Thus in fig. 122, let a represent air, h wa- 
ter, and c a piece of glass. The ray d striking 
each in a perpendicular direction, passes 
through them all in a straight line. The ob- 
lique ray passes through the air in the direc- 
tibn of c, biit meeting the water, is refracted 
in the direction of o ; then falling upon the 
glass, it is again refracted in the direction of 
p, nearly parallel with the perpendicular line d. 

Explain fig. 120, and show how the ray is refracted in passing into 
and out of the water. Explain fig. 121, and state the reason whj the 
shilling seems to bo raised up by pouring in the water. What is a me- 
dium ? In what direction must a ray of light pass towards the medium 
to he refracted ? Will a ray falling perpendicularly on a medium be re- 
i&acted ? Explain fig. 122, and show how the ray e is refracted. 
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In oR ^meeloherelke fia/j^ytttsM md efararermto^ denser 
fnediunij it is refracted towards a perpendieuiar linei raised 
Fig. 123. /rom the surf acevf the denser medwrn^ and 
M, when it passes oat of a denser, into a 
rarer medium^ it is refracted from the same 
perpendictdar. 

Let the medium 5, fig. 1S3, be glass, mud 
the medimn c, water. The ray a, as it 
falls upon the mediam 5, is refracted to- 
wards the perpendicular line c, d; but 
when it enters the water, whose refractive 
power is less than that of glass, it is not 
V bent so near the perpendicular as before, 
and hence it is refracted/rom, instead of towards the perpen- 
dicular line, and approaches the original direction of the ray 
a, gj when passing through the air. 

The cause of refraction appears to be the power of attrac- 
tioa, which the denser medium exerts on the passing ray ; 
and in all cases the attracting force acts in the direction of a 
perpendicular to the refracting surface. 

The refraction of the rays of light, as they fall upon the sur- 
face of the water, is the reason why a straight rod, with one 
end in the water and the other end rising above it, appears to 
be broken, or bent, and also to be shortened. 

Fig. 1£4. Suppose the rod «, fig. 124, to be set with 

M one half of its length below the surface of 

^^the water, and the other half above it. The 

v^ eye being placed in an oblique direction^ 

^B ^J^^M ^^^^ ^^^ ^^ lower end apparently at the 

^^^^^^^B point 0, while the real termination of the 

^^^^^^^1 rod wouM be at n : the refraction would 

BB^^HHH therefore make the rod appear shorter by 

the distance from o to n, or one fourth shorter than the part 

below th« water really is. The i^ason why the rod appears 

. distorted, or broken, is, that we judge of the direction of the 

part which is under the water, by that which vs above it, and 

tbo refraiction of the rays coming from below the water, give 

them a different direction, when compared with those coming 

from that part of the rod which is above it. Hence, when the 

When the ra? pawee i»ut of a rarer into a deiner medium, in what di- 
rection ie it refracted ? When it passes out ofa denser into a rarer me^ 
diara< in what direction is the refraction? Explain this by fig. 122.^- 
What is the cause of refraction ? What is the reason that a rod, with 
6ne end in the water, appears distorted, and shbrtcr than it really is f 
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whole rod is below the water, no saeh distorted appearancb is 
observed, because then all the rays are refracted equally. 

For the reason just explained, persons are oflen deceived 
in respect to the depth of water, the refraction making it ap- 
pear much more shallow than it really is ; and there is no 
doubt but the most serious accidents hay$ often happened to 
those who have gone into the water under such deception ; 
for a pond which is really six feet deep^ will appear to the eye 
only a little more than four feet deep. 

Reflection oj Light. 
If a boy throws his ball against the side of a house swiftly, 
and in a perpendicular direction, it will bound back nearly in 
the line in which it was thrown, and he will be able to catch 
it with his hands ; but if the ball be thrown obliquely to the 
right, or left, it will bound away from the side of the house in 
the same relative direction in which it was thrown. 

The reflection of light, so far as regards the line of ap. 

Fig. 125. proach, and the line of leaving a reflecting 

^ surface, is governed by the same law. 

m Thus if a sun beam, fig. 125, passing 

1] . I ^ through a small Aperture in the window 

lUHHiteMiilitf shutter a, be permitted to fall upon the 

11 ' I plane mirror, or looking glass, c, d, at right 

H angles, it will be reflected back at right 

'^ angles with the mirror, and therefore will 

pass back again in exactly the same direction in which it ap- 

preached. 

But if the ray strikes the mirror iil an oblique direction, it 
Fig. 126. will also be thrown off* in an oblique direc- 
tion opposite to that in which it came. 

Let a ray pass towards a mirror in the 
line a, c, fig. 1 26, it will be reflected ofl'in 
the direction of c, d, making the angles 1 
and 2 exactly equal. 

The ray a, c, is called the iitcident ray, 
and the ray r, d, the rejlected ray ; and it 
^ is found in all cases, that whatever angle 
the ray of incidence makes with the reflect- 
Why does the water in a pond appear less deep than it really is ? Sup- 
pose a sun beam fall upon a plane mirror at right angles with its surface, 
in what direction will it be reflected ? Suppose the ray falls opliquely 
on its surface, in what direction will it then be reflected? What is an 
incident ray of light ? What is a reflected ray of light ? 
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Fig 127. ing surface, or with a perpendicular line drawn 
from the reflecting surface, exactly the same 
angle is made by the reflected ray. 
From these facts, arise the general law mop- 
tics, that the angle of reflection is equal to the 
angle of incidence. 

The ray a, c, fig. 127, is the ray of incidence, 
and that from ctod, is the ray of reflection. 
The angles which a, c, make with the perpen- 
dicular line, and with the plane of the mirror, 
is exactly equal to those made by c, c2, with 
the same perpendicular, and the same plane 




surface. 



Mirrors. 



BRrrors are of three kinds, namely, pfeinc, convex and con- 
cave. They are made of polished metal, or of glass covered 
on the back with an amalgam of tin and quicksilver. 

The common looking gUiLss is a plane mirror, and consists 
of a plate of ground glass so highly polished as to permit the 
rays pf light to pass through it with little interruption. On 
the back of this plate is placed the reflecting surface, which 
consists of a mixiure of tin and mercury. The glass plate, 
therefore, only answers the purpose of sustaining the metallic 
surface in its place, — of admitting the rays of light to, and 
from it, and of preventing its surface from tarnishing, by ex- 
cluding the air. Could the metallic surface, however, be re- 
tained in its place, and not exposed to the air, without the glass 
plate, these mirrors would be much more perfect than they 
are, since, in practice, glass cannot be made so perfect as to 
transmit all the rays of light which fall on its surface. 

When applied to the plane mirror, the angles of incidence 
and of reflection are equal, as already stated, and it therefore 
follows, that when the rays of light fall upon it obliquely in one 
direction, they are throvtrn ofl* under the same angle in the op- 
posite direction. 

This is the reason why the images of objects can be seen 
when the objects themselves are not visible. 

What general law in optics resaltB from observations on the incident 
and reflected rays ' How many kinds of mirrors are there ? What 
kind of mirror is the common looking glass ? Of what use is the glass 
plate in the construction of this mirror f 
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Suppose the mirror a b, fig. 128, to be 
placed on the side of a room, and a lamp 
to be set in another room, but so situa- 
ted, as that its light would shine upon 
the glass. The lamp itself could not be 
•^seen by the eye placed at e, because the 
partition d is between them ; but its 
image would be visible at e, because the 
angle of the incident ray, coming from 
the light, and that of the reflected ray, 
which reaches the eye, are equal. 

An image from a plane mirror appears 
to be just as far behind the mirror, as 
the object is before it, so that when a person approaches this 
mirror, his image seems to come forward to meet him ; and 
when he withdraws from it, his image appears to be moving 
back at the same rate. For the same reason the different 
parts of the same object will appear to extend as far behind 
the mirror, as they are befoie it. 

If, for instance, one end of a rod two feet long be made to 
touch the surface of such a mirror, this end of the rod, and its 
image, will seem nearly to touch each other, there being only 
the thickness of the glass between them ; while the other end 
of the rod, and the other end of its image, will appear to be 
eqally distai^t from the point of contact. 

The reason of this ia explained on the principle, that the 
angle of incidence and that of reflection are equal. 

Suppose the arrow a, to be the 
object reflected by the mirror dc, 
fig. 129 ; the incident rays a, 
flowing from the end of the ar- 
row, being thrown back by reflec- 
tion, will meet the eye in the 
same state of divergence that 
they would do, if they proceeded 
to the same distance behind the 
mirror, that the eye is before it, 
as at 0. Therefore, by the same 




Ezpladn fig. 1S8, and show how the image of an object can be seen in 
a plane mirror, when the real object is invisible. The image of an ob- 
ject appears just as far behind a plane mirror, as the object is before it ; 
explain fig. ^29, and show wby this is the cass.^ 
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law, the reflected ray», where they meet the eye at e, appear 
to diverge from a poiot A*, just as far behind the mirror, as a 
is before it, and consequently the end of the arrow most re- 
mote from the glass, will appear to be at A, or the point where 
the approaching rays would meet, were they continued on- 
ward behind the glass^ The rays flowing from every other 
part of the arrow follow the same law ; and thus every part 
of the image seems to be at the same distance behind the 
mirror, thiat the object really is before it. 

In a plane mirror, a person way see his whole image, when 
the mirror is only half as long as himself; let him stand at 
any distance from it whatever. 

This is also explained by the law, that the angles of inci- 
dence and reflection are equal. If the mirror be elevated, so 
that the ray of light from the eye, falls perpendicularly upon 
the mirror, this ray will be thrown back by reflection in the 
same direction, so that the incident and reflected ray by which 
the image of the eyes and face are. formed, will be nearly par- 
allel, while the ray flowing from his feet, will fall on the mir- 
ror obliquely, and will be reflected as obliquely in the con- 
trary direction, and so of all the other rays by which the im- 
age of the diflferent parts of the person is formed. 

Fig. 130. Thus suppose the mir- 

■^ ror c e, fig. 130, to be just 
^ half as long as the arrow 
placed before it, and sup. 
pose the eye to be placed 
at a. Then the ray a c, 
proceeding from the eye 
at a, and falling perpen- 
dicuiarly on the glass at 
c, will be reflected back 
to the eye in the same 
line, and this part of the image will appear at &, in the same 
line, and at the same distance behind the glass that the arrow 
is before it. But the ray flowing from the lower extremity of 
the arrow, will fall on the mirror obliquely, as at e, and will be 
reflected under the same angle to the eye, and therefore the 
extremity of the image, appearing in the direction of the re- 

What must be the comparfttiye length of a plane miiros, in which a 
person may see his whole image ? In what part of the image, fig. 130, 
are the incidental and reflected rays nearly parallel ? Why does the 
image of the lower part of the arrow, appear at d ? 
14 
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fleeted ray, will be seen at d. The jcays flowing finom the 
other parts of the arrow, will observe the same law, and thus 
the whole image is seea distinctly, and in the same position 
as the object 

To render this still more obvious, suppose the mirror to. be 
removed, and another arrow to be placed in the position where 
its image appears, behind th^ mirror, of tb^ same length as 
the one before it. Then the eye, being in the same position 
as represented in the figure, would see the different parts of 
the real arrow in the same direction that it before saw the 
image. Thus the ray flowing from the upper extremity of the 
arrow, would meet the eye in the direction of b c, while the 
ray coming from the lower extremity, woul4 fall pn it in the 
direction of e d, 

Coaxt^ Mirror, A convex mir- 
ror is a part of a sphere, or globe, 
reflecting from the outside. 

Suppose fig« 131 to be a sphere, 
then the p^.t from a to o, would be 
a section of th^ sphere, and would 
"p fonn a cQnvex mirror. Any part 
of a hollow b^ll of glass, with an 
amalgam of tin and quicksilver 
spread on the inside, or any part 
of a metallic globe polished on the 
outside, would form a convex mir- 
ror. 
Fig. 132. The axis of a convex mirror, is a 

line as c 5, passmg through its centre. 
Rays of light are said to diverge, 
~^when th6y proceed from the same 
point, and constantly recede from each 
other, as from the point a, fig. 132. 
Bays of light are said to converge, 
when they approach each other in 
such a direction as finally to meet at a point, as at b, fig. 132. 
Tiie image formed by a plane mirror, as we have already 
seen, is of the same size as the object, but th^ image reflected 
frotp the convex mirror, is always smaller than the olyect. 

Suppose the mirror, fig. 130, to be removed, aQd w. arrow of the 
same length, to be placed where the image appeared, would the direcjtiwi 
of the rays from the arrow be the same that they were from the imaged* 
What IS a convex mirror ? What is the axis of a convex mirrorf miat 
are diverging rays ? What are convorgmg rays ? 
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The law which governs the passage of light, to and from 
the convex mirror, is the same as ali'eady stated, for the plane 
mirror, the incident and reflected rays being always equal. 

From the surface of a plane mirrot, parallel rajrs are reflect- 
ed parallel ; bat the convex mirror causes parallel rays falling 
on its surface to diverge, by reflection. 

Fig. 133. To make this obvious, le*t 1, 

2, 3, fig. 133, be parallel rays, 
falling on the surface of the con- 
vex deflector, of which a would 
be the centre, were the reflector 
a whole sphere. The ray 2 is 
perpendicular to the surface of 
the tnirror, for when continued 
in the same direction, it strikes 
the axis, or centre of the circle a. 
The two T&ya 1 and 3, being 
parallel to this, all three would 
Ml bh a plane taittot ih t per- 
i(rendicnlar direction, And bonse- 
quentljr would be reflected m tJie lines of their incidence. 
But the obliquity of the convex isurface, it is obvious will 
render the direction of the irays 1 and 3, oblique to that sur- 
face> for th^ jdanie reason that 2 is perpendicular to that part 
of the circle on Which it fall*. Rays falling on any part of 
this mirror, in a dii'ectioii, which, if continued through the 
circumference, wocdd strike the centre, are perpendicular to 
th^ side where they fall. Thus, the dotted lines c a, and d 
a, are perpendicalar to the srarface, as well as 2. 

Now the reflection of the ray 2, will be back in the line of 
its incidence, brtt the rays 1 and 3, falling obliquely, are re- 
flected under the same dngles at which they fall, and therefore 
their lines of reflection will be ad far without the perpendicular 
lines c a, and d «, as the lines of their incident rays, 1 , and 3, are 
within them, and con^quently they will diverge in the direc- 
tion of e and o ; and since we always see the image in the di- ' 
rectien of the reflected ra^^, an object placed at I, wduld aj)- 
pear behind the surfkce of the lAirrot at n,br in tlW diretJtioii 
of the line o n. 

What law governs the pass&jgo of light from and to the convex rtiff- 
ror? Airt parallel rays falling oh a convex mirror, reflected patallel ? 
Explain fig. 133* 
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Perhaps the subject of the convex mirror will be better under- 
stood by considering its surface to be formed of a number of 
plane surfaces, ipdefinitely small. In this case, each- point 
from which a ray is reflected, would act in the same manner 
as a plane mirror, and the whole, in the manner of a great 
number of minute mirrors inclined from each other. 

Fig. 134. Suppose a, and h, %. 134, to be 

the points on a convex mirror from 
which the two parallel rays c, and 
d are reflected. Now, from the 
surface of a plane mirror, the re- 
flected rays would be parallel, 
^whenever the incident ones are 
so, because each will fall upon the 
surface under the same angles. 
But it is obvious in the present 
case, that these rays fall upon the 
surfaces a, and %, under difierent angles, as respects ike sur- 
faces, c approaching in a more oblique direction than d ; con- 
sequently c, is reflected more obliquely than d, and the two 
reflected rays, instead of being .parallel, as before, diverge in 
the direction of n, and o« 

Fig. 135. Again, the two converging 

cays a and b, fig. 13§, without 
the interposition of the reflect- 
ing surfaces, would meet at o, 
but because the angles of reflec- 
^ tion are equal to those of inci- 
dence, and because the surfa- 
ces of reflection are inclined to 
each other, these rays are re- 
flected less convergent, and in- 
stead of meeting at the same 
distance before the mirror, that 
c is behind it, are sent off in 
the direction of e, at which point they i^eet. 

" Thus paraUd rays Jailing on a convex mirror^ are render- 
ed diverging by refection; converging rays are made less 
convergent, or parallel, and diverging rays more divergent^* 

How is the action of the convex mirror illustrated by a number of 
plane mirrors ? Explain fig. 135. What effect does the convex mirror 
have upon parallel rays by reflection P What is its effect on converging 
rays ? What is its effect on diverging rays f 




The e^ect of the convex miirrof , therefore, is to disperse the 
rays of light in all directions ; and ills proper here to remind 
the pupil, that although the rays erf light are represented on pa- 
per by single lines, there are in fact probably millions of rays, 
proceedings from every point of kll visible bodies. Only a 
small number of these rays, it is obvious, can enter the feye, 
for it is only by those which proceed in straight lines frprti 
the different parts of the object, and enter the pupilj that the 
sense ofvision is excited. 

Now to conceive how exceedingly small must be the portion 
of light thrown off, from any visible object, which enters the 
eye, we must consider that the same object reflects rays in 
every other direction, ad well as in that in which it is seen. 
Thus the gilded ball on the steeple of a church, may be seeq 
by millions of persons at the same time, who stand upon the 
ground ; and were millions more raised above these, it would 
be visible to all. 

When therefore, it is said, that thfe cdnvex mirror diperses the 
rays of light which fall upon it from any object, and when the 
direction of these reflected rays are shown only by single lines, 
it must be remembered, that each line represents pencils of 
rays, and that the light not only flows from the parts of the ob- 
ject thus designated, but from all the other parts. Were this 
ndt the case, the object would be visible only at certain points. 
The images of objects reflected from the convex mirror 
appear curved, because their diflferent parts are not equally 
distant from its surface. 

Letthe object a, be placed ob- 
liquelybefore the convex mirror 
fig. 136, then the converging 
rays from its two extremities 
falling obliquely on its surface^ 
were they prolonged through 
the mirror, would meet at the 
point c, behind it. ^ut instead 
of being thus continued, they 
are thrown back by the mirror, 

bo the raytf of light proceed only from the extremities of objects, as 
represented in figures, or from all their parts ? Do all the rays of light 
proceeding from an object enter the ej^e, or only ft ftW of them ? W hat 
would be the consequence, if th6 rays of light proceeded only from the 
parts of an object shown in diagrams ? Why do the images of objeds 
reflected flrora convex mirrors appear carved f 

14* 
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in less convergent lineS) which meet the eye at c, it being, as 
we have seen, one of the properties of this mirror, to reflect 
converging rays less convergent than before^ 

The image being ahvays seen in the direction from which 
the rays approach the eye, it appears behind the mirror at d. 
If the eye be kept in the same position, and the object a, be 
moved further from the mirror, its image will appear smaller, 
in a proportion inversely to the distance to which it is re- 
moved. Consequently, by the same law, the two ends of a 
straight object will appear smaller than its middle, because 
they are further from the reflecting surface of the mirror. 
Thus the images of straight objects^ held before a convex 
mirror, appear curved, and for the same reason, the features 
of the face appear out of proportion, the nose being too large, 
and the checks too small, or narrow. 

The reason why the image appears less than the object is, 
that the convex surface of the mirror has the property, as sta- 
ted above, of decreasing the convergency of the incidental 
rays by reflection. 

Now objects appear to us large or small, in proportion to 
the angle which the rays of light, proceeding from their ex- 
treme parts form, when they meet at the eye. For it is plain 
that the half of any objectiwili appear under a less angle than 
the whole, and the quarter under a less angle stilL Therefore 
the smaller an object is, the smaller will be the angle under 
which it will appear at a given distance. If then a mirror 
makes the angle under which an object is seen smaller, the 
object itself will appear smaller than it really is. Hence the 
Fig. 137. image of an object, when re- 

flected from the convex mir- 
ror, appears smaller than the 
object itself. This will be 
understood by fig. 137. 

Suppose the rays flowing 
from the extremities of the 
object a, to be reflected back 
to c, under the same degrees 
of convergence at which they 
strike the mirror, then as in 

Why do the featuifes of the face appear out of proportion, by this 
mirror f Why does an image reflected from a convex surface appear 
amaller than the object f Why does the half of an object appear to the 
eye smaller than the whole? 
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the plane mirror, the image dy would appear of the same size 
as the object a ; for if the rays from a were prolonged behind 
the mirror, they would meet at 5, but forming the same ^ngle,. 
by reflection, that they would do, if thus prolonged,''the object 
seen from h, and its image from c M^ill appear of the same 
dimensions. 

But instead of this, the rays from the arrow a, being ren- 
dered less convergent by reflection, are continued onward, and 
meet the eye under a more acute angle than at c, the angle 
under which they actually meet, being represented at e^ 
consequently the image of the object is shortened in proper- 
tion to the acuteness of this angle, and the object appears di* 
minished, as represented at 6. 

The image of an object as alrea- 
dy stated, appears less, as the ob. 
ject is removed to a greater dis- 
tance from the mirror. 

To explain the reason of this, let 
us suppose that the arrow a, fig.' 
138, is diminished by reflection 
from the convex surface, so that its 
image appearing at (Z, with the eye 
at c, shall seem as much smaller in 
proportion to the object, as (Z is less than a. 

Now keeping the eye at the same distance from the mirror, 
withdraw the object, so that it shall be equally distant with 
the eye, and the image will gradually diminish, as the arrow 



Fig. 138. 




is removed. 

Fig. 139. 




The reason of this will be made 
plain by the next figure ; for as the 
arrow is moved backwards, the an- 
gle at o, fig. 139, must become 
consequently less, because the rays 
flowing from its extremities must 
fall a greater distance before they 
reach the surface o( the mirror ; 
and as the angles of the reflected 
rays bear a proportion to those of 



Suppose the angles c and 6 fig. 137 are equal, will there be any differ- 
ence between the size of the object and its image ? How is the image af- 
fected, when the object is withdrawn from the surface of a convex mir- 
rof? Explain figures 138 and 139, and show the reason why the images 
are diminished Wh^n the objects are removed from the convex mirror. 
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the incident ones, so the angle of vision will become less in 
proportion as the object is Withdrawn. The effect therefdre 
of withdrawing the object, is first to lessen the distance be- 
tweeii the converging rayi, flowing from it, at the point where 
they strike the mirror, and as a consequence to diminish the 
angle under which the reflected rays convey its image to the 
eye. 

In the plane mirror, as already shown, the image appears 
exactly as far behind the mirror as the object is before it, but 
the convex tnirror shews thb image just under the surface, or, 
when the object is removed to a distance, a little way behind 
it. To Understand the reason of this difference, it must be 
remembered that the plane mirror makes the image seetn as 
fkr behind, as the object is befofe it, because the rays are re- 
fleeted in the siime relative position that they fall upon its sur- 
face. Thus parallel rays are reflected parallel ; divergent 
rays equally divergerit, and convergent rays equally conver- 
gent; But the Convex mirror, as also above shown, reflects 
convergent rays less convei*gent, and divergent rays more di- 
vergent, and it is from this property of the convex mirror that 
the image appears near its surface, and not as far behind it as 
the object is before it, as in the plane mirror. 

Fig. 140. Let us suppose that a, fig. 1.40, is a 

^ luminous point, from which a pencil of 
diverging rays fall upon a convex mir- 
ror. These toys, as already demon- 
Stra(ed,will be i^eflected more divergent, 
and consequently will meet the eye at e, 
in a wider state of dispersion than they 
fell upon the mirror at o. Now as the 
image will appear at the point where 
^ 91 the diverging rays would converge to a 
fbcuS tn a tftontrtlry direction, were they prolonged behind the 
mirror, so it cannot appear as far behind the reflecting sur^ 
face as the object is before it, for the more widely the rays 
meeting at the eye are separated, the shorter will be the dis- 
tance at which they will come to a point. The image will 
therefore appeaf at n, instead of appearing at an equal dis^ 
tance biehind the mirror that the object a is before it. 

"What is said to b© the first effect of withdrawing the object from a 
' concave surface, and what the consequence on the angle of reflected 
rays? Explain the reason why the image appears near the surface of 
the convex mirror. 
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.Concave Mirror, The 8ha|)e of the concave mirror y is ex- 
actly like that of the convex mirror, the only difference be- 
tween them being in respect to their reflecting surfaces. The 
reflection of the concave mirror takes place from its inside, 
or concave surface, while that of the convex mirror is from 
the outside or convex surface. Thus the section of a metallic 
sphere, polished on both sides, is both a concave and convex 
mirror, as one or the other side is employed for reflection. 

The effect and phenomena of this mirror will therefore be, 
in many resp/ects, directly the contnpry from those already de* 
tailed in reference to the convex mirror. . 

From the plane mirror the relation of the incident rays are 
not changed by reflection ; from the convex mirror they are dis- 
persed ; but the eoncave mirror renders the rays refleqted from 
it more convergent, and tends to concentrate them into a fo- 
cus. 

The surface of the concave mirror, lixe that of the convex, 
may be considered as a great number of minute plane mirrors, 
inclined to each other at certain angles, in proportion to its 
concavity. 

The laws of incidence and reflection, are the same when 
applied to the concave mirror, as those already explained in 
reference to the other mirrors. 

Fig. 141. '^ reference to the concave mirror, let 

us in the first place examine the effect of 
two plane mirrors inclined to each other, 
as in fig. 141, on parallel rays of Ught. 
The incident rays, a and by being parallel 
before they reach the reflectors, are thrown 
off at unequal angles in respect to each 
other, for b falls on the mirror more ob- 
liquely than a, bnd consequently is thrown 
off more obliquely in a contrary direction, 
therefore, the angles of reflection being 
equal to those of incidence, the two rays meet at c. Thus we 
see that the effect of two plane mirrors inclined to each oth- 
er, is to make parallel rays converge and meet in a focus. 

What is the shape of the concave mirror, and in what respect does it 
differ firom the convex mirror? How may convex and concave mirrors 
he united in the same instrument ? What is the difference of effect be- 
tween the concave, convex, and plane mirrors on the reflected rays ? In, 
what respect may the concave mirror be considered as a number of 
plane mirrors ? 
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The samiB remih wonld take place, whether the mirror was 
one continued circle, or an infinite number of small mirro]^ 
inclined to each other in the same relation as the different 
parts of the circle. 

The effect of this mirror, as we have seen, being to render 
parallel rays convergent, the same principle will render di- 
verging rays parallel, and Convergent rays still more conver- 
gent. 

The/oci« of a concave mirh)r is the point where the rays 
are brought together by reflection. The centre of concavity 
in a concave mirror, is the centre of the sphere, of which the 
mirror is a part. In all concave mirrors, the focus of parallel 
rays, or rays falling directly from the sun, is at the distance 
of half the semi^diameter of the spliere, or globe, of which the 
reflector is a part. 

Fig. 142. Thus the parallel rays 1, 

2, 3,dcc.fig.l4d, all meet 
at the point o, which is 
half the distance between 
the centre of the whole 
sphere a, and the sur- 
face of the reflector, and 
therefore one quarter the 
diameter of the whole 
sphere, of which the mir- 
ror is a part. 

In concave mirrors of 
all dimensions, the re- 
flected rays follow the 
same law ; that is, paral- 
lel rays meet and cross each other at the distance of one 
fourth the diameter of the sphere of which they are sections. 
This point is called the prindpal focus of the reflettor. 

But if the incident rays are divergent, the focus will be re- 
moved to a greater distance from the surfafce of the mirror, 
than when they are parallel, in proportion to their divergency. 
This might be inferred from the general laws of incidence 
and reflection, but will be made obvious by fig. 143, where 

What is the focus of a concave mirror ? At what distance from its 
surface is the focus of parallel rays in this mirrot ? 'What is the prin- 
cipal focus of a concave mirror ? 
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Fig. 143. the diverging rays 1, 2, 3, 4, form a fo. 

cusat the point o,. whereas had they 
beien parallel, their, focus would have 
been at a. That ia, the actual focus is 
^ at the centre of the sphere, instead of 
\e being half \^ay between the centre and 
I circuwfereflLoe, as is the case when the 
incident rays are parallel. The real 
focua therefore is beyond, or without 
the priapipal focua of the mirror. 
By the aama law, converging rays will 
form a point within the principal fo- 
cus of the mirror. 

Thus were the rays falling on the 

mirror, ?ig. 144, parallel, the focus 

would be at a ; but in consequence of 

their previous convergency, they are 

brought together at a less distance 

than the principal focus, and meet at o. 

The images of objects reflected by 

a conviox mirror we have s6en, arc 

smaller than the objects themii^lves* 

Fig. 146. But the convave mirror, when the oh- 

ject is nearer to it than 

the principal focus, pre*. 

sents the image larger 

than the object, erect, 

and behind the mirror. 

To explain this, let us 
suppose the object a, fig. 
145,^tobe placed before 
the mirror, and nearer 
t6 it than the principa, 
focus. Tlien the rays 
proceeding from the ex- 
tremities of the object 
without interruption 
would continue to di- 
verge in the lines o and 

If the incident rays are divergent, where wiU be the focus? If the 
incident rays are convergent, where will be the focus ? When will the 
image from a concave mirror be larger than the object,erect, and behind 
the nairror ? Explain fig. 145, and show why the image is larger than 
the object. o » t 





164 1CISB0R8. 

91, as seen behind the mirror; but by reflection they are made 
to diverge less than before, and consequently to make the an- 
gle under which they meet more obtuse at the eye ft, than it 
would be if they continued onward to e, where they would have 
met without reflection. The result, therefore, is to render 
the image A, upon the eye/ as much larger than the object a, 
as the angle at the eye is more obtuse than the angle at e. 

On the contrary, if the object is placed more remote from 
the mirror than the principal focus, and between the focus and 
the centre of the sphere of which the reflector is a part, then 
the image will appear inverted on the contrary side of the cen- 
Fig. 146. tre, and farther 

from the mirror 
than the object; 
thus if a lamp be 
placed obliquely 
before a concave 
mirror, as in fig. 
146, its image 
will be seen in- 
verted in the air on the contrary side of a perpendicular line 
through the centre of the mirror. 

From this property of the concave mirror to form an invert, 
ed image of the object suspended in the air, many curious and 
surprising deceptions may be produced. Thus, when the mir- 
ror, the object, and the light, are placed so that they cannot 
be seen, (which may be done by placing a screen before the 
light, and permitting the reflected rays to pass through a small 
aperture in another screen,) the person mistakes the image of 
the object for its reality, and not understanding the deception, 
thinks he sees persons walking with their heads downwards, 
and cups of water turned bottom upwards without spilling a 
drop. Again, he sees clusters of delicious fruit, and when 
invited to help himself, on reaching out his hand for that pur- 
pose, he finds that the object either suddenly vanishes from 
his sight, owing to his having moved his eye out of the proper 
range, or that it is intangible. 

This kind of deception may be illustrated by any one who 
has a concave mirror only of three or four inches in diameter, 
in the following manner. 

When will the image from the concave mirror be inverted and before 
the mirror ? What property has the concave m^ror b^ which singular 
deceptions may be produced f What are these deceptions ? 



Suppose the tumblev a, to be filled with water, and placed 
^beyond the principal focus of the concave mirror, fig. 147, and 
«o managed as to be hid from the eye c, by the screen h. The 
lamp by which the tumbler is illuminated must also be placed 
behind the screen, and near the tumbler. To a person placed 
at c, the tumbler with its contents will appear inverted at e, 
and suspended in the air. By carefully moving forward, and 
still keeping the eye in the same line with respect to the mir- 
roi:, the person may pasp his hand through the shadow of the 

Fig. 147, 




tumbler; but without such conviction, any one unacquainted 
with such things, could hardly be made 1o believe that the 
image was not a recSity. 

By placing another screen between the mirror and the im* 
age and permitting the converging rays to pass through an 
aperture in it, the mirror may be nearly covered from the eye, 
and thus the deception would be ihcreaised. 

The image reflected from a concave mirror, moves in the 
same direction with the object, when the object is within the 
.principal focus ; but when the object is more remote than the 
principal focus, the image moves in a contrary direction' 
irom the object, because the rays then cross each other. If 
a man .place himself directly before a large eoncave mirror, 
i)ut farther from it than the centre of concavity, he will see an 
invrarted image of himself in the air, between him and the 
mirror, but less &an himselC And if he hold out his hand 
towards the mirror, the hand of bis image will come eut to- 
ward bis hand, and he may imagine that be can shake hands 

Describe the maimer in which a tumbler with its contents maybe 
made to seem inveitedin the air. Why does the image movem. a 
contrary dkection from its object, when the object is beyond the princi* 
.pal focus ? 

15 
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with his ifibage. But if he reach his hand further towards 
the mirror, the hand 6f the fmage will pass by his hand, and 
conte hetween his hand and his body ; and if he move his hand 
toward either side, the hand of the image will move in a con- 
trary direction, so that if the object moves one way the image 
will move the oth6r. 

The concave mirror, having the property of converging the 
rays of light, is equally efficient in concentrating the rays of 
heat, either separately, or with the light. When therefore 
such a mirror is presented to the rays of the sun, it brings 
them to a focus so as to produce degrees of heat in propor- 
tion to the extent of its reflecting surface. A metidlic mirror 
of this kind, of only fotir or si^ inches in diameter, will fuse 
metals, set wood on 'fire, &c. 

As the parallel rays of heat, oj light, are brought to a focus 
at the distance of one quarter of the diameter of a sphere, of 
which the reflector is a section, so if a luminous or heated 
body, be placed at this point, the rays will be reflected from 
all parts of the :reflecting surface, in parallel lines ; and the 
rays so reflected, by the same law, will be brought to a focus 
\^ another mirror standing opposite to this. 
Fig. 148. 




Suppose "h i^d hot ball to be placed in the principal folnis 
of the mirror a, fig. 148, the rays of heat and light proceed- 
ing from it, will bereflected in the parallel lines 1, 2, 3, &c. 
The reason of this is obviously the same as that which causes 
parallel rays, when falling on the mirror to be converged to a 

Will the concave mirror concentrate the rays of heat, as well as thosb 
of light ? Suppose a luminous body be placed in the fbcus of a concave 
mirror, in what direction will its rays be reflected? 
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focus. The SBglea of incidence being equal to those of re- 
flection^ it makes no difiference in this respect, whether the 
rays pass to, or from the focus. In one case, parallel ii:^ci. 
dent rays from the sun, are concentrated by reflection ; and 
in the other, incident diverging ray?, from the heated ball^ are 
made parallel by reflection. 

The rays therefore, flowing from the hot ball to the mirror 
a> are thrown into parallel lines by reflection, and these re- 
jected raySj^ in respect to the mirror ft, become the rays of in.- 
cidence, which are again brought to a focu? Vy reflection.. 

Thus the heat of the ball, by being placed in the focus of 
one mirror, ^ brought to a focus by the reflection of the other 
mirror. 

Several striking experiments may be made with a pair of 
poncave mirrors placed facing each other as in the figure. If 
a red hot ball be placed in the focus of a, and some gun pow- 
der in the focus of h, the mirrors being ten or twenty feet 
apart, according to their dimensions, the powder will flash by 
the heat of the ball, concentrated by the second mirror. To 
4how that it is not the direct heat of the ball which sets Are 
to the powder, a paper screen maybe placed between the mir- 
rors until every thing is ready. The operator will then only 
have to remove the screen, in order to flash the powder. 

To show that heat and light are separate principles, place 
a piece of phosphorus in the focus of ft, and when the ball is 
so cool as not to be luminous, reiQove the screen, and the 
phospliorus will instantly inflame. 

Refraction by Lenses, 

A Lens is a transparent body, generally made of glass, and 
so shaped that the rays of light in passing through it are ei- 
ther collected together, or dispersed. Lens is a Latin wor(}, 
which comes from lentUe^ a small flat bean. 

It has already been shewn, that when the rays of light pass 
from a rarer to a denser medium, they are refracted, or bent 
.out of their fol'mer course, except when they happen to fall 
perpendicularly on the surface of the medium. 

The point where no refraction is produced on perpendicu- 
lar rays, is called the ams of the lens, which is a right line 
passing through its centre, and perpendicular to both its sur- 
faces. 

Explain %. 148, and show why the rays from thp focus o.f a ^e cp];i- 
eentrated in the fqcus d. What curious experiments may be mfde 
by two concare mirrors placed opposite to each other ? How may it be 
shown that heat vid light are diirtinct principles? What is a Lens? 



In erery beam of li|^, the middle ray is called its < 

Rays of light are said to fall directly upon a lensy when 
their axes coincide with the axes of the lens; oChewise they 
are said to fall obliquely. 

The point at which the rays of the sun are collected, by 
passing through a lens, is called the prmevpal focus pf that 
lens. 

Lenses are of various kinds, and have received certain 
names, depending on their shapes. The different kinds are 
shown at fig. 140. 

Fig. 149. 




A prUmy seen at a, has two plane surfaces, a r, and a «, in- 
clined to each other. 

A plane glasf^ shown at ft, has two plane sur&ces, paraUel 
to each other. 

A spherical lens^ c, is a ball of glass, and has every part of 
its surface at an equal distance from the centre. 

A dovhle caiwexiengj d, is bounded by two coft06w surfaces 
opposite to each other. 

A plano-concave lens, e, is bounded by a convex surface on 
one side, and a plane one on the other. 

A douhU'Concaoe lens^f, is bounded by two concave i^heri- 
cal surfaces, opposite to each other. 

A plano-convex lens^ g, is bounded by a plane surface on 
one side and a concave one on the other. 

A meniscusy A, is bounded by one concave and one convex 
spherical surface, which two surfaces meet at the edge of the 
lens. 

A concavo-convex lens i, is bounded by a concave and con- 
vex surfa<^e, but which diverge from each other, if continued. 

What ia the axis of a lens ? In what part of a lens is no refraction 
produced ? Where is the axis of a beam of light? When are rays of 
light said to fall directlv upon a lens f How many kinds of lenses are 
mentioned f What is the name of each ? How are each of these lensei 
bounded f 
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The effects of the prism on the rays of light will be shown 
in another place. The refraction of the plane glass, bends the 
parallel rays of light equally towards toe perpendicular, as 
already shown. The sphere is not often employed as a lens, 
since it is inconvenient in use. 

Convex lens. — It has been shown in ft former part of this 
fltrttcle, that when a ray of light passes obliquely out of a 
rarer into a denser medium^ it is refracted, or turned out of 
its former course. 

Suppose, then, there is presented to the rays of light, apiece 
of glass, with its surface so shaped, that all the rays, except 
those which pass through its axis, are refracted towards the 
perpendicular, it is obvious that they would all finally meet 
theperpendicular ray, and there form a focus* 

The focal distances of convex lenses, depend on their de- 
grees of convexity. The focal distance of a single, or plano- 
convex lens, is the diameter of a sphere, of which it is a sec- 
tion« 

^*g- 150. If the whole circle, fig. 

150, be considered the 
circumference of a sphere, 
of which the plano-convex 
lens, & a, is a section, 
then the focus of parallel 
rays, or the principal fo- 
cus win be at the oppo- 
site side of the sphere, or 
at c. 

The focal distance of a 
double convex lens, is the 
tadius, or half the diameter of the sphere of which it is a part. 
Hence the plano-convex lens^ being one half the double con- 
Vex lens, the latter has about twice the refractive power of 
the former ; for the rays suffer the same degree of Refraction 
in passing out of the one Convex surface^ that they do in pass* 
ing into the other. 

On what do the focal distances of convex lenses depend ? What is 
the focal distance of any plano-convex lens ? "What is the focal distance 
of the double convex lens ? What is the shape of the double convex 
lens ? 

15* - 
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The shape of the dou- 
ble convex lens, d c, fig. 
151, is that of two piano- 
convex lenses, placed with 
their plane surfaces in 
contact, and consequently 
the focal distance of this 
lens is nearly the centre of 
the sphere of which one of 
its surfaces is a part. 

If parallel rays fall on a convex lens, it is evident that the 
ray only, which penetrates the axis and passes towards the 
centre of the sphere, will proceed without refraction, as shown 
in the above figures. All the others will be refracted so as to 
meet the perpendicular ray at a greater or less distance, de- 
pending on the convexity of the lens. 

If diverging rays fall on the surface of the same lens, they 
will by refraction, be rendered less divergent, parallel, or con- 
vergent according to the degrees of their divergency, and the 
convexity of the surface of rtie lens. 

^'^* ^^^- Thus the diverging 

rays 1, 2, &c. fig. 
152, are refracted by 
the lens a o, in a de- 
gree just sufficient to 
render them parallel, 
and therefore would 
pass off in right 
lines, indefinitely, or 
without ever forming 
a focus. It is obvious 
by the same law, that were the rays less divergent, or were 
the surface of the lens more convex, the rays in fig. 152 would 
become convergent, instead of parallel, because the same re- 
fractive power which would render divergent rays parallel, 
would make parallel rays convergent, and converging rays 
still more convergent. 

How are divergent rays affected by passing through a convex lens ? 
What 18 Its effect on parallel rays ? What is its effect on conver^ng 
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Fig* 153. Thus the pencils of converging rays, 

^ fig. 153, are rendered still more conver- 
'gent by their passage through the lens, 
' and are therefore brought to a focus near- 
' er the lens, %. proportion to their previous 
^ convergency. 

The eye glasses of spectacles for old 
people are double convex lenses, more or 
less spherical, according to the age of the 
per8on,or the magnifyitiig power required. 
The common burning glasses, which are used for lighting 
cigars, and sometimes for kindling fires, are also convex len* ' 
ses. Their effect is to concentrate to a focus, or point, the 
heat of the sun which falls on their whole surface ; and hence 
the intensity of their effects is in proportion to the extent of 
their surfaces, and their focal lengths. 

One of the largest burning glasses ever constructed, was 
made by Mr. Parker, of London. It was three feet in diameter, 
with a focal distance of three feet nine inches. But in order 
to increase its power still more, he employed another lens 
ahout a foot in diameter, to bring its rays to a smaller focal 
point. This apparatus gave a most intense degree of heat, 
when the sun was clear, so that 20 grains of gold were melted 
hy it in 4 seconds, and ten grains of platina, the most infu- 
sible of all metals, in 3 seconds. 

It has been explained, that the reason why the convex mir- 
ror diminishes the images of objects is, that the rays which 
come to the eye from the extreme parts of the object are 
rendered less convergent by reflection, from the convex sur- 
face, and that, in consequence, the angle of vision is made 
more acute. 

Now the refractive power of the convex lens has exactly 
the contrary effect, since by converging the rays flowing from 
the extremities of an object, the visual angle is rendered more 
obtuse, and therefore all objects seen through it appear mag- 
nified. 

Whatkindof lenses are spectacle glasses for old people? What is 
said to be the diameter of Mr. Parker's great convex lens? What is 
the focal distance of this lens ? What is said of its heating power ? ^ 
What is the visual angle ? 
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Fig. 154* Suppose the object a, fig. 

154, appears to the naked eye 
of the length represfsnted in 
> the drawing. Now as the rays 

coming from each end of the 

^^ object,. form, by their conver- 

gence at the eye, the visual angle, or the angle under which 
the object is seen, and we call objects large or small, in pro- 
portion as this angle is obtuse or acut6, if the object a be 
withdrawn further from the eye, it is apparent that the rays 
0, d, proceeding from its extremities, will enter the ojrd under 
a more acute angle, and therefore, that the object will appear 
diminished in proportion. This is the reason why things at a 
distance appear smaller than when near us. When near, the 
visual angle is increased, and when at a distance, it is di-^ 
minished. 

Fiff. 155. pjijjg ^g.g^j ^£. ^jjg convex lens is to in- 

crease the visual angle, by bending the 
rays of light coming from the object, so as 
to make them meet at the eye, more ob- 
tusely ; and hence it has the sagie effect, 
k^- in respect to the visual angle, as bringing 
the object nearer the eye. This is shown 
by fig. 156, where it is obvious, that did 
the rays flowing from the extremities of 
the arrow meet the eye without refraction, 
the visual angle would be less, and therefore the object would 
appear shorter. Another eflect of the convex lens, is to ena- 
ble us to see objects nearer the eye, than without it, as will 
be explained under th6 article vision. 

Now as the rays of light flow from all parts of a visible ob- 
ject of whatever shape, so the breadth, as well as the length is 
increased by the convex lens, and thus the whole object ap- 
pears magnified. 

Concave lens. The eflect of the concave lens is directly 
opposite to that of the convex. In other terms, by a concave 
lens, parallel rayd are rendered diverging, converging rays 
have their convergency diminished, and diverging rays have 

Why does the same object, when at a distance, appear smaller than 
when near ? What is the effect of the convex lens on the visual onvle ? 
Why does an object appear larger through the convex lens than outer- 
wise ? What is the efSsct of the concave lens ? What effect does this- 
lens have upon parallel) diverging, and convergin^g rays ? 
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Fig. 156. 



iheTr divergeticy inereaared, according to the concavity of the 
lens. 

These glasses, therefore, exhibit things smaller than they 
feally are, for by diminishing the convergence of the rays 
eoming from ^he extreme points of an object, the visual angle 
IS rendered mfore acute, and hence the object is diminished 
by this lens, for the same reason that it i9 increased by the 
convex lens. This will be made plain by the two fo]k>wing 
^agrams. 

Suppose the object a $, fig. 156, 
to be placed at such a distance 
from the eye, as to give the rayy 
flowing from it, the degrees of 
convergeit.ce represented in the 
figure, and suppose that the ray» 
enter the eye under such an an- 
gle as to n»ke the object appear 
two feet in length. 

Now the length of the same ob- 
ject, seen through the concave 
lens, fig. 157, win appear dimin> 
ii^ed, because the rays coming 
from it are bent outwards, or made 
less convergent by refraction, as 
seen in the figure, and conse- 
quently the visual angle is more 
acute than when the same object is seen by the naked eye* 
Its length, therefore, will appear less, in proportion as the 
rays are rendered less convergent. 

The spectacle glasses of short-sighted people are concave 
lenses, by whrch the images of objects are formed further 
back in the eye than otherwise, as will be explained under 
the next article. 

Fman.-^In the application of the principles of optics tO' 
the explanation of natural phenomena, it is necessary to give 
a description of the most perfect of all optical instruments,, 
the eye. 

'Why do objects appear smaller through this glass than they do to 
the naked eve ? Explain figures 156, and 157, and show the reason why 
the same objeot appears smaller throush 157.^ What defect in tkie 
eye requires eoneave lenses ? What is the most perfect of all optical 
instruments ? 
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Tig-. 159. Fig. 158 is a vertical 

section of the human eye. 
Its form is nearly globu- 
lar, with a sdight pr<>^c. 
tion or elongation in 
front. It consists of four 
coats, or membranes; 
gamely, the 9cleroticy the 
cornea, the cJi&roidy and 
the retina^ It has two 
fluids confined within 
these membranes, called 
the aqueous, and the vUrequs hujmours, and one lens, caJUed 
the crystalline humour. The sclerotic coat is the outer and 
strongest membrane, and its anterior part is well know^ as 
the white of the eye. This coat is marked in the figure a, a, 
a, a. It is joined to the cornea, h, h, which is the transparent 
membrane in front of the eye, through which we see. The 
choroid coat is a thin, delicate membrane,, which lines the 
sclerotic coat on the inside. On the inside of this lies the 
retina, d, d, d, d, which is the innermost coat of all, and is an 
expansion, or continuation of the optic nerve a. This expai^. 
sion of the optjc nerve is the impiediate seat of vision. The 
iris, 0, o, is seen through the cornea, and is a thin membrane, 
or curtain of difibrent colours in difilerent persons, and therefore 
gives colour to the eyes. In black eyed persons it is black, in 
Blue eyed persons it is blue, <&;c. Through the iris, is a cir- 
cular opening, called the pupU, whieh expands or enlarges 
when the light is fkmt, and contracts when it is too strong. 
The space between the iris and the cornea is called the ante- 
rior chamber of the eye, and is filled with the aqueous humoir, 
so called fVoni its resemblance to water. Behind the pupil 
and iris is situated the crystalline lens e which is a firm and 
perfectly transparent body, through which the rays of light 
pass from the pupil to the retina. Behind the lens is situated 
i\ke posterix>r ckamher of the eye, which is filled with the mtre- 
ous humor, v, o. This humor occupies much the largest per- 

What ;s the form of the humitfi eye ? How many coats, or mem- 
branes has the eye ? What are they called f How many fluids has the 
^e, and what afp they calted? What is the lens of the eye called? 
What coat forms the white of the eye ? Describe where the several 
coats and humors are situated. What is the iris ? What is the reti«a? 
Where is the sepse of yisipn ? 
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tion of the whole eye, and oh it seeitis to depend the sha]pe 
and permanency of the organ. 

From the abov^ description of the eye, it will be easy to 
trace the progress of the rays of light through its several parts, 
and to explain in what manner vision is performed. 

In doing this, we must keep in mind that the rays of light 
proceed from every part and point of a visible object, as here- 
tofore stated, and that it is necessary only for a few of the 
rays, when cotfipared with the whole number, to enter the eye, 
in order to make the object visible. 



Fig. 169, 




imag^, thd sensation of vision is excited. 
Fig. 160. 



Thus the object a ft, ^g, 
159, being placed in the light, 
sends forth pencils of rays in 
all possible directions, some 
of which will strike the eye m 
any position where it is visi- 
ble. These piencils of rays^ 
not only flow from the points 
designated in the figure, but 
from all the other parts in the 
same manner. To render an 
object visible, therefore, it is 
only necessary that the eye 
should collect and concentrate 
a sufficient number of these 
rays on the retina to form its 
image there, and from this 




From the luminous body?, fig. 160, the pencils of rays flow 
in all directions, but it is only by those which enter the pupil, 
that we gain any knolvledge of its existence ; and even these 

What is the design of fig. 159 ? What is said coiMSerniDg the small 
number of the rajs which enter the eye from a visible object ? Ea^plain 
the design of 'fig. 159. 
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vould convoy to tha ima4 bo durtioot idea of tbtt object^ «»» 
less they were refracted by the humors of the eye, for did 
these rays proceed in their natural state of dwergence to the 
retina, the image there foraied would be too extensive, aad 
consequently too feeble to give & distuict sensation of the 
object. 

It is therefore by meana of the aqueous humor, and the 
crystalline lens, that the pencils of rays are so concentrated 
'as to form a perfect picture of the object on the retina. 

We have already seen, that when the rays of light are mode 
to cross each other by reflection from the concave mirror, the 
image of the object is inverted ; the same hi^pens when the 
arajrs are made to 4Sross each other by refraction through a 
convex lens. This, it is obvious, must be a necessary conse- 
quence of the intersection of the rays : for as light proceeds 
in straight Hues, those rays which come from the lower part 
of an object, on crossing those which come from its upper 
part, will represent this part on the upper half of the retina, 
and for the same reason the upper part of the object will be 
painted on the lower part of the jetina* 

Now all objects are represented on the retina in an inverted 
position ; that is, what we call the upper part of a vertical 
object, is the lower end of its picture on the retina, and so &kG 
contrary. 

This is readily proved by taking the eye of an ox,4uid cut* 
ting away the sclerotic coat, so as to maJce it transparent on 
the back part, next the vitreous humor. If now a piece of 
white paper be placed on this part of the eye, the images of 
objects will appear figured on the paper In an inverted p€>sition« 
The same efiectwill be produced on looking at things throng 
an eye thus prepared ; they will appear inverted. 

Why would not (he ^ays of light give a diitinct idea of the object 
without refraction by the humors of the eye ? Explain how it is that 
the imaffes of objects are inverted <m the retina. What ezperiment 
proves that the inuiges 9i objects are inverted on 4be retinaf 
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^' »«*• The actual 

position of the 
vertical object 
a, fig. 161, as 
A painted on the 
retina, is there- 
fore such as is 
represented by 
tlie figure. The 

rays from its upper extremity, coming in divergent' lines, are 
converged by the chrystalline lens and fall on the retina at o ; 
while those from its lower extremity, by the saiiie law, fall on 
the retina at c. 

In order that vision may be perfect, it is necessary that the 
images of objects should be formed precisely on the retina, and 
consequently if the refractive power of the eye be too small, 
or too great, the image will not fall exactly on the seat of vis^ 
ion, but will be formed either before, or tend to form behind 
it. In both cases, perhaps an outline of the object may be 
visible, but it will be confused and indistinct. 

If the cornea is too convex, or prominent, the image will be 
formed before it reaches the retina, for the same reason, that 
of two lenses, that which is most convex will have the least 
focal distance. Such is the defect in the eyes of persons who 
are short sighted, and hence the necessity of their bringing 
objects as near the eye as possible, so as to make the rays con? 
verge at the greatest distance behind the crystalline lens. 

The effect of uncommon convexity in the cornea on the 
rays of light, is shewn at fig. 162, where it will be observed 
Fig, W2, 




that the image, instead of being formed on the retina r, is 



Explain fig. 161. Sappose the refractive power of the eye is too 
great or too little, why will vision be imperfect? If the cornea is too 
conyez, where wjjl the image be formed? 

18 
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suspended in the vitreous humour, in consequence of there 
heing too great a refractive power in the eye. It is hardly 
necessary to say, that in this case, vision must be very im. 
perfectly performed. ^ 

This defect of sight is remedied by spectacles, the glasses 
of which are concave lenses. Such glasses, by rendering the 
rays of light less convergent, before they reach the eye, coun- 
teract the too great convergent power of the cornea and lens, 
and thus throw the image on the retina. 

If on the contrary the humours of the eye, in consequence 
of age, or any other cause, have become less in quantity than 
ordinary, the eye ball will not be sufficiently distended, and 
the cornea will become too flat, or not sufficiently convex, to 
make the rays of light meet at the proper place, and the im. 
age will therefore tend to be formed beyond the retina, instead 
of before it, -as in the other case. Hence aged people, who 
labor under this defect of vision, cannot see distincdy at or- 
dinary distances, but are obliged to remove the objept as far 
from the eye as possible, so as to make its rejfractive power 
bring the image within the seat of vision. 

The defect arising from this cause is represented by figure 
163, where it will be observed that the image is formed behind 
Fig. 163. 




the retina, showing that the convexity of the cornea is not 
sufficient to bring the image within the seat of distinct vision. 
This imperfection of sight is common to aged persons, and is 
corrected in a greater or less degree, by double convex lenses, 
such as the common spectacle glasses. Such glasses, by caus- 
ing the rays of light to converge, before they meet the eye, as- 

How 18 Uie «ight improved when the coroea is too convex ? How do 
each lenses act to improve the sight ? Where do the rays tend to meet 
when the cornea is not sufficiently convex ? How is vision assisted 
when the eye wants convexity f How do convex lenses heJp the sight 
of aged people ? 
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sist the refractive power of the crystalline lens, and thus brmg 
the focus, or image, within the sphere of the retina. 

It has been considered difficult to account for the reason 
why we see objects erect, when they are painted on the retina 
inverted, and many learned theories have been written to ex- 
plain this fact. But it is most probable that this is owing to 
habit, and that the image, at the bottom of the eye, has no re- 
lation to the terms above and below, but to the position of our 
bodies, and other things which surround us. The term j9er. 
pendicuAaty and the idea which it conveys to the mind, is 
merely relative ; but when applied to an object supported by 
the earth, and extending towards the skies, we call the body 
erect because it coincides with the position of our own bodies, " 
and we see it erect for tho same reason. Had we been taught 
to read, by turning our books upside down, what we now ^1 
the Upper part of the book would have been its under part, 
and that reading would have been as easy in that position as 
in any other, is plain, from the fact that printers read their 
type, when set up, as readily as they do its impressions on . 
paper. 

Angle of Tisum, The angle under which thfe rays of light 
coming from the extremities of an object j cross each other at 
the eye, bears a proportion directly to the length, and in- 
versely to the distance of the object. 

Suppose the object a, &, fig. 164, to be four feet long, and 
to be placed t6n feet from the eye, then the rays flowing from 
Fig. 164. 




its extremities, would intersect each other at the eye, under a 
given angle, which will always be the same when the object 

^ Why do we see thingrg erect, when the images are inverted on the re- 
tina ? What is the yisual angle ? 
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is at the same distance. If the object be gradually moved to- 
wards the eye, to the place c, d, then the angle will be gradu- 
ally increased ia quantity, and the object will appear larger, 
since its image on the retina will be increased in length in 
the proportion as the lines e, t, are wider apart than o, o. On 
the contrary, were a, b, removed to a greater distance from 
the first position, it is obvious that the angle would be dimin- 
ished in proportion. 

The lines thus proceeding from the extremities of an object, 
and representing the rays of light, form an angle at the eye, 
which is called the visual angle, or the angle under which 
things are seen. The lines a, n, b, therefore, form one visual 
angle, and the lines c, n, d, another visual angle. 

We see from this investigation, that the apparent magni- 
tude of objects, depending on the angles of vision, will vary 
according to their distances from the eye, and that their mag- 
nitudes (Sminish in a proportikm inversely as their distances 
increase. We team mlso, from the same principles, that ob- 
jects of di£^rent magnitudes may be so placed, with respect 
to the eye, as to ]^Ve the same visual angle, and thus to make 
their appareiit magnitudes equal. Thus the itaee arrows a, 
6, and m, though differing so much in length, are all seenun- 
der the same visual angle. 

In die apparent magnitude of objects seen through a lens, 
or when their images reach the eye hy reflection from a mir- 
ror, our senses aje chiefly, if not entirely guided by the angle 
of vision. In forming our judgment of the sizes of distant 
objects, whose magnitudes were before unknown, we are also 
guided more or less by the visual angle, though in this case 
we do not depend entirely on the sense of vision. Thus if we 
see two balloons floating in the air, one of which is larger 
than the other, we judge of their comparative magnitudes by 
the diflerence in theix visual angles, and of their real magni- 
tudes by the same angles, and the distance we suppose them 
to be from us. 

But when the object is near us, and seen with the naked 
eye, we then judge of its magnitude by our experience, and not 

How may the visaal angle of the same object be increased or dimin- 
ished ? When do objects of dilSerent magnitudes form the same Yisnal 
an^Ie ? Explain fig. 164. Under what circumstances is our sense of 
vision guided entirely by the visual angle? How do we judge of the 
magnitudes of distant objects? How do we judge of the comparative 
size of objects near us ? 
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entirely by the visual angle. Thus the three arrows, a, e, m, 
fig. 164, all of them make the same angle on the eye, and yet 
we know by further examination, that they are all of different 
lengths. And so the two arrows a by and c d, though seen un- 
der different visual angles-, will appear of the same size, be- 
cause experience has taught us that this difference depends 
only on the comparative distance of the two objects. 

As the visual angle diminished inversely in proportion as 
the distance of the object increases, so when the distance is 
so great as to make the angle too minute to be perceptible to 
the eye, then the objeet becomes invisible. Thus, when we 
watch an eagle, flying from us, the angle of vision is gradu- 
ally diminished, until the rays proceeding from the bird, form 
an image on the retina too small to excite sensation^ and then 
we say, the eagle has flown out of sight. 

The same principle holds with respect to objects which are 
near the eye, but are too small to form an image on the retina, 
which is perceptible to the senses. Such objects to the naked 
eye, are of course invisible, but when the visual jangle is en- 
larged, by means of a convex lens, they become visible ; that 
is, their images on the retina excite sensation. 

The actual size of an image on the retina, capable of exci^ 
ting sensation, and coasequeatly of producing vision, may be 
too small for us to appreciate by any of our other senses ; for 
when we consider how much smaller the image must be than 
the object, and that a human hair can be distinguished by the 
naked eye at the distance of twenty or thirty feet, we must 
suppose that the retina is endowed with the most delicate sen- 
sibility, to be excited by a cause so minute. It has been es- 
timated that the image of a man, on the retina, seen at the 
distance of a mile, is not more than the Ave thousandth part 
of an inch in length. 

On the contrary, if the object be brought too near the eye, 
its image becomes confused and indistinct, because the rays 
flowing from it, fall on the crystalline lens in a state too di- 
vergent to be refracted to a focue on the retina. 

When does a retreatiilg object become mvialble to the ejre ? iiow 
does a convex lens act to make us see objects which are invisible with- 
.out it ? What {is said of the actual size of an image on the retina ? 
Why are objects iadistinot, when brought too neax the eye > 

10- 
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Fig. Ids. This will be apparent by 

fig. 165, where we suppose 
that the object a, is brought 
within an inch or two o£ the 
eye, and that the rays pro- 
ceeding from it enter the 
eye so obliquely as not to be 
refracted by the lens, so as 
to form a distinct image. 
Could we see objects dis. 
tinctly at the shortest distance, we should be able to examine 
things that are now invisible, since the visual angle would then 
be increased, and consequently the image on the retina en- 
larged, in proportion as objects were brought near the eye. 
This is proved by intercepting the most divergent rays ; in 
which case an object may be brought near the eye, and will 
then appear greatly magnified. Make a small orifice, as a 
pin-hole) tbiH^ugh a piece of dark colored paper, and then 
look through, the orifice at small objects, such as the letters 
of a printed book. The letters will appear much magnified. 
The rays, in this case, are refracted to a focus, on the retina, 
because the small orifice prevents those which are most diver- 
gent from entering the eye, so that notwithstanding the near- 
'ness of the object, the rays which form the image are nearly 
parallel 

Optical Instruments, 

Singh Microscope, The principle of the single micro- 
scope, or convex lens, will be readily understood, if the pupil 
will remember what has been said on the refraction of lenses, 
in connexion with the facts just stated. For, the reason why 
objects appear magnified through a convex lens, is not only 
because the visual angle is increased, but because when 
brought near the eye, the diverging rays from the object are 
rendered' parallel by the lens, and are thus thrown into a con- 
dition to be brought to a focus in the proper place by the hu- 
inors. 

Suppose objects could be seen distinctly within an inch or two of the 
eye, how would their dimensions be afFected ? How is it proved that 
objects placed near the eye ate magnified ? How does a small orifice 
enable us to see an object distinctly near the eye ? Why does a convex 
lens biakfi an tibject distinct when near the eye ? 
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Fig. 166. 




Leta,fig.l66i 
be the distance at 
which an object 
can be seen dis- 
tinctly, and h,the 
distance at which 
the same object is 
seen through the 
lens, and suppose the distance of a from the eye, be twice 
that of b. Then because the object is at half the distance 
that it was before, it will appear twice as large ; and had it 
been seen one third, one fourth, or one tenth its former dis- 
tance, it would have been magnified tbree, four, or ten times^ 
and consequently its surface would be increased, 9, 16, or 
100 times. . \ 

The most powerful single microscopes are made of minute 
globules of glass, which are formed by melting the ends of a 
few threads of spun glass in a candle. Small globules of 
water placed in an orifice through a piece of tin, or other thiii 
subetance, will also make very powerful microscopes. In these 
minute lenses, the focal distance is only a tenth, or twelflh 
part of an inch from the lens, and therefore the eye, as well 
as the object to be magnified, must be brought very near the 
instrument. 

The Compound Microscope consists of two convex lenses, 
by one of which the image is formed within the tube of the 
instrument, and by the other, this image is magnified, as seen 
by the eye ; so that by this instrument the object itself is not 
seen, as with the single microscope, but we see only, its mag-* 
nified image. 

The small lens, placed near the object, and by which it^ 
image is formed within the tube, is called the object glass, 
while the larger one, through which the image is seen, is 
called the eye glass. 

This arrangement is represented at fig. 167. The object 
a, is placed a little beyond the focus of the object glass, b, by 
which an inverted and enlarged image of it is formed within 
the instrument at c. This image is seen through the eye 

£Ixplain fig. 166. How are the most powerful single microscopes 
made ? How miUiy lenses form the compound mieroscope ? Which 
is the object and which the eye glass ? Is the object seeil^ with this 
instrument, or only its image ? 
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glass d, by which it is again magnified^ and it is at last figur- 
ed on the retint in its original position. 

These glasses are set in a case of brass, the object glass 
being made to take out, so that others of different magnifying 
powers may be used, as occasion requires. 

The Solar Microscope consists of two lenses, one of which is 
called the condenser^ because it is employed to concentrate the 
rays of the sun, in order to illuminate the object, to be magni- 
fied, more strongly. The other is a double convex lens, of con. 
siderable magnifying power, by which the image is formed. 
In addition to these lenses, there is a plane mirror, or piece of 
common looking-glass, which can be moved in any direction, 
and which reflects the rays of the sun on the condenser. * 
Fig. 168. 




The object a, fig. 168, being placed tiearly in the focus of 
the condenser h, is strongly illuminated, in consequence of the 
rays of the sun being thrown on by by the mirror c. The ob- 
ject is not placed exactly in the focus of the condenser, be- 
cause, in most cases it would be soon destroyed by its heat, 
and because the focal points would illuminate only a small 
extent of surface, but may be exactly in the focus of the small 

Explain fig. 167, &nd show where the imAge is formed ih the tube. 
How many lenses has the solar microscope f Why is one of the lenses 
'of the solar microscope called the condenser ? Describe tMe tises of the 
two lenses and the reflector. 



TELXSCOFB. 185 

lens dy by which no such accident can happen. The lines o 
o, represent the incident rays of the sun, which are reflected 
on the condenser. 

When the solar microscope is used, the room is dkrkened^ 
t)ie only light admitted being that which is thrown on the ob- 
ject by the condenser, and which, passing through the small 
lens, gives the magnified shadow e, of the small object a, pla- 
ced in its focus, on the wall of the room, or on a screen. The 
tube containing the two lenses, is passed through the window 
of the room, the reflector remaining outside. 

In the ordinary use of this instrument, the object itself is 
not seen, but only its shadow, on the screen, and it is not de- 
signed for the examination of opaque objects. 

When the small lens of the solar microscope is of great 
magnifying power, it presents some of the most striking and 
curious of optical phenomena. The shadows of mites from 
cheese, or figs, appear nearly two feet in length, presenting an 
appearance exceedingly formidable and disgusting ; and the 
insects from common vinegar appear eight or ten feet long, 
and in perpetual motion, resembling so many huge serpents. 

Telescope. The telescope is an optical instrument, employ- 
ed to view distant bodies, and in effect, to bring them nearer 
the eye, by increasing the apparent angles under which such 
objects are seen. 

These instruments are of two kinds, namely, refracting, 
and reflecting telescopes. In the first kind, the image of the 
object is seen with the eye directed towards it ; in the second 
kind, the image is seen by reflection from a mirror, while the 
back is towards the object, or by a double reflection, with the 
face towards the object. 

The telescope is the most important of all optical instru- 
ments, since it unfolds the wonders of other worlds, and gives 
us the means of calculating the distances of the heavenly bo- 
dies, and of explaining their phenomena for astronomical and 
nautical purposes. 

The principle of the telescope will bo readily comprehended 
afler what has been said concerning the compound micro- 
scope, for the two instruments differ chiefly in respect to the 
place of the object lens, that of the microscope having a short, 
while that of the telescope has a long focal distance. 

Is the object, or only the shadow, seen by this instrument ? What is 
a telescope ? How many kinds of telescopes are mentioned? What is 
the difference between them? In what respect does the refracting tel- 
escope differ from the compound microscope ? 
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Refracting Telescope. The most simple refracting teles- 
cope consists of a tube, containing two convex lenses, the one 
having a long, and the other a short focal distance. (The fo- 
cal distance of a convex lens, it will be remembered, is nearly 
the centre of a sphere, of which it is a part.) These two 
lenses are placed in the tube, at a distance from each other 
equal to the sum of their two focal distances. 
Fig. 169. 




Thus, if the focus of the object glass a, fig. 169, be eight 
inches, and that of the eye glass h, two inches, then the dis- 
tance of the sums of the foci will be ten inches, and there- 
fore the two lenses must be placed ten inches apart ; and Ihe 
same rule is observed, whatever may be the focal lengths of 
any two lenses. 

Now to understand the effect of this arrangement, suppose 
the rays of light, c d, ^coining from a distant object, as a star, 
to fall on the object glass a, in parallel lines, and to be refract, 
ed by the lens to a focus ate, whisre the image of the star will 
be represented. This image is then magniJSed by the eye 
glass 6, and thus in effect, is brought near Sie eye. 

All that is effected by the telescope, therefore, is to form an 
image of a distant object, by means of the object lens, and 
then to assist the eye in viewing this image as nearly as pos- 
sible by the eye lens. 

It is, hoWever, necessary here to state, that by the last fig- 
ure, the principle only of the telescope, is intended to be ex- 
plained, for in the common instrument, with only two glasses, 
the image appears to the eye inverted. 

The reason of this will be seen by the next figure, where 
the direction of the rays of light will show the position of the 
image. 

How is the most simple refracting telescope formed .| Which is the 
object, and which the eye lens, in fig. 169 ? What is the rule by which 
the distance of the two glasses apart is found ? How do the two glares 
act, td bring an object near the eye ? 
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Fig. 170. 
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Suppose a, fig. 170, to be a distant object, from which pen- 
cils of rays flow from every point towards the object lens b. 
The image of a, in consequence of the refraction of the rays 
by the object lens, is inverted at c^ which is the focus of the 
eye glass d, and through which the image is then seen, still 
iv«rted. 

The inversion of the object is of little consequence when 
the instrument is employed for astronomical purposes, for 
since the forms of the heavenly bodies are spherical, their po^ 
sitioDS, in this respect, do not afifect their general appearance. 
But for terrestrial purposes, this is manifestly a great defect, 
and therefore those constructed for such purposes, as ship, or 
spy glasses, have two additional lenses, by means of^ which, 
the images are made to appear in the same position as the 
objects. 

Fig. 171. 




Such*a telescope is represented at fig. 171, and consists 
of an object glass a, and three eye glasses, &, c, and d. The 
eye glasses are placed at equal distances from each other, so 
that the focus of one may meet that of the other, and thus the 
image formed by the object lens, will be transmitted through 
the other three lenses, to the eye. The rays coming from the 
object 0, cross each other at the focus of the object lens, and 
thus form an inverted image at/. This image being also in 

Explfldn fig. 170, and show how the object comes to be inverted by 
the two lenses. How h the inversion of the object corrected f Ex- 
plain lig. 171, and show why the two additionallenses make the image 
of the object erect. 
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the focus of the first eye glass, 5, the rays having passed 
through the glass become parallel, for, we have seen, in an- 
other place, that diverging rays are rendered parallel by re- 
fraction through a convex lens. The rays, therefore, paas par- 
allel to the next lens, c, by which they are made to converg-e, 
and cross each other, and thus the image is inverted, and 
made to assume the original position of the object o. Lastly, 
this image, being in the focus of the eye glass d, is seen in 
the natural position, or in that of the object. 

The apparent magnitude of the object is not changed by 
these two additional glasses, but depends, as in fig, 170, on 
the magnif3ring power of the eye and object lenses ; the two 
glasses being added merely for the purpose of making the 
image appear erect. 

It is found that an eye glass of very high magnifying pow- 
er cannot be employed in the refracting telescope, because it 
disperses the rays of light, so that the image becomeis indis. 
tinct. Many experiments were formerly made with a view to 
obviate this difficulty, and among these it was found that in- 
ereasiijLg the focal distance of the object lens, was the most 
efficacious. But this was attended with great inconvenience, 
and expense, on account of the length of tube which this mode 
required. These experiments were, however, discontinued, 
and the refracting telescope itself, chiefly laid aside for astro- 
nomical purposes, in consequence of the discovery of the re- 
flecting, telescope. 

Renting Telescope. — The common reflecting telescope 
consists of a large tube, containing two concave reflecting mir- 
ors, of diflerent sizes, and two eye glasses. The object is 
first reflected from the large mirror to the small one, and from 
the small one, through the two eye glasses, where it is then 
seen. 

In comparing the advantages of the two instruments, it 
need only be stated, that the refracting telescope^ with a focal 
length of a thousand feet, ^f it could be used, would not mag- 
nify distinctly more than a thousand times^ while a reflecting 
telescope, only eight or nine feet long, will magnify with dis. 
tinctness twelve hundred times. 

Does the addition of these two lenses make any difference with tlie 
apparent magnitude of the object? Why cannot a hi^ly magnifying 
eye glass be used in the telescope f What is the most efficacious means 
of increasing the power of the refracting telescope f How many lenses 
and mirrors form t^ e reflecting telescope ? What are the advantages of 
he reflect ing oyer the refracting telescope f 
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Fig. 172. 
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The principle, and construction of the reflecting telescope 
^11 be understood by fig. 172. Suppose the object to be at 
such a distance, that the rays of light from it pass in parallel 
lines, p, p, to the great reflector, r, r. This reflector being 
xoncave, the rays are converged by reflection, and cross each 
other at a, by which the image is inverted. The rays then 
pass to the small mirror, b, which being also concave, they are 
thrown back in nearly parallel lines, and having passed the 
aperture in the centre of the great mirror, fall on the plano-con- 
vex lens 6. By this lens they are refracted to a focus, and 
cross each other between e, and (7, and thus the image is again 
inverted, and brought to its original position, or in the position 
of the object. The rays then, passmg Che second eye glass, 
form the image of the object on- the retina. 

The large mirror in this instrument is fixed, but the small 
one moves bad&wards and forwards, by means of a screw, so 
as to adjust the image to the eyes of diflerent persons. 
Both mirrors are made of a composition, consisting of several 
metals melted together. 

One great advantage wiiich the reflecting telescope possess- 
es over the refracting, appears to be, that it admits of an eye 
glass of shorter focal distance, and consequently, of greater 
magnifying power. The convex object glass of the retracting 
instrument, does not foi'm a perfect image of the object, since 
some of the rays are dispersed, and others coloured by refrac- 
tion. This difficulty does not occur in the reflected image 
from the metallic mirror df the reflecting telescope, and conse- 
quently it may be distinctly seen, when more highly maffnifled. 

The instrument just described is called " Gregorys teles- 

Explain fig. 172, andflhow the course of the raya from the object to . 
\tho eye. Why is the small mirror in this instrument made to move by 
means of a screir ? What is tlie advantage of the lefleoting telescope 
. in respect to the eye glass ? Why is the telescope mik two reflectors 
(Called Gregory 1 telescoped 
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cop6," because dome parts Jf the arrangement were inv^o^d 
by Dr. Gregory- 

In the telescope mad^'by Dr. Hemchel, the object islrefiect. 
ed by a mirror, as in that of Dr. Gregory. But the second, 
or small reflector, is riot employed, the image being seen 
through a convex lens, placed so as to magnify the uinage of 
, the large mirror, 'So that the obsetver stands with his back to- 
wards the object. 

The magnifying pO.wer of this instrument is tb6 same as 
that of Dr. Gregory's, but the itmage appeal^ brighter, because 
there is no second reflection ; for every reflection renders the 
image fainter, Since no mirror is so perfect as to throw back 
all the rays which fall upon its surface. 

In Dr. HerschePs grand telescope, the largest ever con- 
structed, the reflector was 4S inches ia diameter, and had a 
focal distance 6f 40 feet, l^is reflector was three and a half 
inches thick, and weighed ^000 pounds. Now siDce the fo- 
cus of a concave mirror is at the distance of one half the semi, 
diameter 6f the sphere, of whichit is a section, Dr. Herschel's 
reflector formed a part of & sphere of l60 feet in diameter. 
This great instrument was begun in 1785, and finished four 
years aflerwards. The frame by which this wonder to all as- 
tronomers was supportecl, having decayed, it was taken down 
in 1822, and another of 20 feet focus, with a reflector of 18 
inches in diameter, erected in its place, by tlerschel's son. 

The largest Herschel's telescope now in existence is that 
of Greenwich observatory, in England. This'has a concave 
reflector of 15 inches in diameter, with a focal length of 25 
feet, and was erected in 1820. 

Camera Obscura. Camera obscura strictly signifies a dar- 
kened chamber, because the room must be darkened, in order 
to produce its efle^cts. 

To witness the phenomena of this insti^ument, let a room be 
closed in every direction, so as to exclude the light. Then 
from an' aperture, ^y of an inch in diameter, admit a single 
,beani of light, and the images of external things, such as trees, 
and houses, and persons walking the streets, will be seen 
inverted on the wall opposite to where the light is admitted, or 
on a screen of white paper, placed before the aperture. 

, How does ihm ^fistrument diffisr f^bixi Dr, Henefael's 'telescope? 
What was the fooQ distance vnd diameter of theinirroE in Dr. Henchel^ 
> ^eat telescope ? Where is' the largest Herschel's telescope now in ex- 
istencof What i& the dhtmeter ftud focal distance of the reflectiorof 
this telescope ? Describe -tlie< phenomeika of the camera obscura. 
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The xes^ why the iipage i^;i»Y©rted, wijl be obvious, 
yh^^ W§ cofl^ider that thprays^ proceeding from tk^, extrem- 
itiea Gif 4e object umst, cpwyerg^in ord^r to pas^ through the 
sii^aU aperture ; ancl as the rays, of lighjt always proceed in 
straight lioes, thej^ xxmt ^jrpss, ^aph. pj^hei; at the. po^at of ad- 
JIQissipn, 

Fig. 173, Thu^ the pen- 

cil a^ fig. 173, 
9omiiigfromthe 
upper part ofthe 
tpis^er, and pro- 
fieedingstcaight 
wijl represent 
theimageoftbat 
part at ft, while 
th^ lower parlj 
c, for the same 
reason wilji b^ 

represented at d. If a ppny^ lea^ with'a short tube be pla* 
ped in the aperture through which the light passes into the 
^oom, the images of things will be much more perfect, and 
^heir colorBi more brilliant^ 

This instnupent is sometimes 
employed by painters, in order 
to obtai^ an exact delineation of 
^ lan(|Eicape, an outline ofthe in[i- 
age being easily taken, with a 
pencil, when the image is 
thrown on a sheet of paper. 

There are several modifica- 
tions of this ndachine, and among 
Ihem the revolving ofoner^ ob- 
scura ia the most interesting. 
It OQQsists of 1^ sniall house, 
y, 174, with a plime reflectory 
a ft, apd a convex lens, c ft, pla? 
cod at its top. The reflector i^ 
fixed at an angle of 45 degreeai 
with thei horizoQ, so as to reflect 

Why Is th9 image fonp^d hy the cam«ra oU^cura ^livened ? How 
inay an outMe of the image &i med by the camera obscura be taien ? 
Despyift^ the r^¥oIvi|ig cafl^era (jb^ciira. 
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the rays of ligiit perpendicularly downwards, and is majde to 
revolve quite around, in either direction, hy pulling^ a string. 

Now suppose the small house to be placed in the open air, 
with the mirror a l^, turned towards the east, then the rays of 
light flowing from the objects in that direction, will strike the 
mirror in the direction of the lines o, and be reflected down 
through the convex lens c b, to the table e e, where they will 
form in miniature a most perfect and beautiful picture of the 
landscape in that direction. Then by making the reflector 
revolve, another portion of the landscape may be seen, and 
thus the objects in all directions can be viewed at k without 
changing the place of the instrument. 

The Magic Lantern. The Magic Lantern is a microscope,, 
on the same principle as the solar microscope. But instead 
of being used to magnify natural objects, it is commonly em> 
ployed for amusement, by casting the shadows of small trans- 
parent paintings done on glass, upon a screen plaeedat a pro« 
per distance. 

Fig. 176. 




Let a candle, c, fig. 175, be placed on the inside of a box, or 
tube, so that its light may pass through the plano-convex lensti, 
and strongly illuminate the object o. This object is generally a 
small transparent painting on a slip of glass, which slides 
through an opening in the tube. In order to show the figures 
in the erect position, these paintings are inverted, since their 
shadows are inverted by the refraction of the convex lens. 

In some of these instruments, there is a concave mirror, d, 
by which the object, o, is more strongly illuminated than it 
would be, by the lamp alone. The object is magnified by the 

What is the magic lantern ? For what purpose is this instroment 
employed ? Descnbe the construction and effect of the magic lantern. 
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double convex lens, % which is moveable ia the tube by a 
screWi so that its focus caa be adjusted to the required dis- 
twee. Lastly, there is a screen of ^hite cloth, placed at the 
proper distance, on which the image, or shadoi^r of the pip. 
ture, is /seen greatly magnifiedp 

llie pictures, being of various colours, and so tfapsparept, 
that the light of the lamp shines through them, the shadows 
are also of various polqurs, and thus soldiers and hprspmen 
are represented in their proper cps^pne. 

ChromaticSy or the philosophy of Colors. 

We have thu^ far copsidcred light as a simple substance, 
and have supposed that all its parts were equally refracted, in 
its passage through the several lenses described. But it will 
now be shown that light is a compound substance, and that 
each of its rays, which to us appear white, is composed of 
several colors, and that each color suffers a different degree 
of refraction, when the rays of light pass through ^ piece of 
glass, of a certain shape. 

The discovery, that light is ^ compound substance, and 
that it may be decomposed, or separated into pans, was made 
by Sir Isaac Newton. 

If a ray, proceeding from th? ^un, be admitted into a dark- 
ened chaniber, through an aperture in the window shutter, 
B3o4^ allowed to pass through a triajogular shaped piece of glass^ 
called a jprisjUy the light will be decomposed, and instead of a 
spot of white light, there will be seen on the opposite wall, a 
most brilliajat display of colors^ including all those which are 
seen in the rainbow. 

Fig. 176. 




Who made tbe discovery that light is a. .compound subgtance f 
what manner and by what means, is light decomposed ? 

17* 
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Suppose ^, tig. 176, to be a ray from the sun, admitted 
through the window shutter a, in su6h a direction as to fall on 
the floor at c, where it would form a round, white spot. -Now 
on interposing the prism p^ it will be refracted, and at the 
same time decomposed, and will form on the screen m n, an 
oblong figure, containing seven colors, which will be situated 
in respect to each other, as named in the figure. 

It may be observed that of all the colours, the red is least 
refracted, or is thrown the smallest distance from the direc- 
tion of the original sun beam, and that the violet is mast re- 
fracted, or bent out of that direction. 

The oblong image containing the coloured rays, is called 
the solar or prismatic spectrum. 

That the rays of the sun are composed of the seven colors 
above named, is sufficiently evident by the fact that such a 
ray is divided into these several colours by passing through 
the prism, but in addition to this proof, it is found l>y experi- 
ment, that if these several colors be blended or mixed togetfa- 
er, white will be the result. 

This may be done by mixing together seven powders, whose 
colors represent the prismatic colors, and whose quantities are 
to each other, as the spaces occupied by each colour in the 
spectrum. When this is done, it will be found that the re. 
suiting color is a greyish white. A still more satisfactory 
proof that these seven colors form white, when united, is ob- 
tained by causing the solar spectrum to pass through a lens, 
by which they are brought to a focus, when it is found that 
the focus will be the same colour as it would be from the 
original rays of the sun. 

From the oblong shape of the solar spectrum, we learn that 
each of the bolored rays is refracted in a different degree by 
passing through the same medium, and consequently that each 
ray has a refractive power of its own. Thus from the red to 
the violet, each ray in succession, is refracted more than the 
other. 

The prism is not the only instrument by which light can be 

What are the prismatic colors, and how do they succeed each other 
in the spectrum ? Which color is refracted most, and which least ^ 
When the several prismatic colors are blended, what colour is the re- 
sult? When the solar spectrum is made to pass through a lens, what 
is the color of the focus ? How do we learn that each colored ray has 
a refractive power of its own ? By what other means beside the prism, 
can the rays of li^ht be decomposed? 
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. decomposed. A soap bubble blowh up in the sun will display 
most of the prismatic colors. This is accounted for by sup. 
posing that, the sides of the bubble vary in thickness, and 
that the rays of light are tlecomposed by these variations. 
The unequal surface of mother of pearl, and many other shells, 
send forth colored rays on the same principle. 

Two surfaces of polished glass, when pressed together, will 
also decompose the light. Rings of coloured light will be oh- 
served round the point of contact between the two surfaces, 
and their number may be increased or diminished by the 
pressure. Two pieces of common looking glass, pressed to- 
gether with the fingers, will display most of the prismatic 
colors. 

A variety of substances, when thrown into the form of the 
triangular prism, will decompose the rays of light, as well as 
a prism of glass. A very common instrument for this purpose 
is made by putting together three pieces of plate glass, in 
-form of a prism. The ends may be made of wood, and the 
edges cemented with putty, so as to make the whole water 
tight. When this is filled with water and held before a sun 
bearn^ the solar spectrum will be formed, displaying the same 
colors, and in the same order as that above described. 

In making experiments with prisms filled with different 
kinds of hquids, it has been found that one liquid will make 
the spectrum longer than another ; that is, the red and violet 
rays, which form the extremes of the spectrum, will be thrown 
farther apart by one fluid than by another. For example, if 
the prism be filled with oil of cassia, the spectrum formed by 
it will be more than twice as long as that formed by a prism 
of solid glass. The oil of cassia is therefore said to disperse 
the rays of light more than glass, and hence to have a great* 
er dispersive power » 

The Rainbim, The rainbow was a phenomenon, for which 
the ancients were entirely unable to account ; but afler the 
discovery that light is a compound principle, and that its col- 
ors may be separated by various substances, the solution of 
this phenomenon became easy. 
Sir Isaac Newton, afler his great discovery of the compound 

How may light be decomposed by two pieces of glass ? Of what 
substances may prisms be formed, besides glass ? What is said of some 
liquids making the spectrum larger than qthers ? What is said of oil 
of cassia, in this respect f What discovery preceded the explanation of 
the rainbow ? 
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nature of light and the different refirangibility of die colored 
rays» was able to explain the rainbow on optieal principles. 

If a glass globe be suspended in a room, where the rays of 
the sun can fall upon it, the light will be deoompoBed, or sepa- 
rated into its several coloured rays, in the same miinper as is 
done by the prism. A well defined spectrum will not, how. 
ever, be formed by the globe, because its sh&pe is such as to 
disperse some of the rays, and converge others ; but the eye, 
by taking different positions in respect to the globe, will ob- 
serve the various prismatic colours. Transparent bodies, 
such as glass and water, reflect the rays of light fiiom both 
their surfaces, but chiefly from the second surface. That is, 
if a plate of naked glass be placed so as to reflect the image 
of the sun, or of a lamp to the eye, the most distinct image 
will come from the second surface, or that most distant from 
the eye. It will be understood directly, how this principle 
applies to the explanation of the rainbow. 

Fig. 177. Suppose the 

circle ah c^ fig. 

*^ " ""^""^---*^^^ 177, to represent 

a globe, or a drop 
of rain, for each 
drop of rain, as it 
j^ falls through the 
air, is a small 
globe of w^er. 
Suppose, also, 
thai the shu is at 
8, and the eye of 
the spectator ate. 
Now it has already been stated, that fiom a single globe, the 
whole solar spectrum is not seen in the same position, but 
that the different colors are seen from different places. Sup- 
pose then, that the ray of light from the sun s, on entering 
the globe at a, is separated into its primary colors, and at the 
same time the red ray^ which is^the least rdfrangible, is relrac- 
ted in the line from a to b. From the second, or inner sur- 
face of the globe, it would be reflected to c, the angle of re- 

Who first explained the rainbow nn optical principleB ? Why doef 
not a glass globe foxm a well defined spectnim ? From which surface 
do transparent bodies chiefly reflect the light ? Kxplain fig. 177, a^d 
show the different refraotiens, and the reflection ooacenied in foraung 
the rainbow. 
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flection heing equal to that of incidence. • On passing oot oi 
the gU»be, its refraction at Cy would b« just equal to the refrac- 
tion of the incident ray at a, and therefore the red ray would 
fall on the eye at e. All the other coloured rays would follow 
the same law> but because the angles of incidence and those 
of reflection are equal, and because the coloured rays are sepa* 
rated from each other, by unequal refraction, it is obvious thai 
if the red ray entered the eye at e, none of the other colored 
rays could be seen from the same point. 

. From this, it is evident, that if the eye of the spectator ia 
moved to another position he will not see Uie red ray comings 
from the same drop of rain, but only the blue, and if to ano^ 
ther position, the green, and so of all the others. But in a 
shower of rain, there are drops at all heights, and distances^ 
and though they perpetually change their places, in respect to 
the sun and the eye, as they fall, still there will be many 
which will be in such a position as to reflect the red rays to 
the eye, and as many more to reflect the yellow rays, and sa 
of all the other colors. 



Fig. 178. 



This wfll be made 
obvious by fig. 178^ 
where, to avoid 
confusion, we will 
suppose that only 
three drops of rain, 
and consequently, 
only three colors 
are to be sees. 

The numbers 1, 
2,3,'aretheraysof 
the sun^ proceeding 
to the drops a, 6, 
c, and from which 
these rays are re* 
fleeted to the eye, 
making different 
angles with the 
horizontal line A, 



In the case supporod, why will only the red ray meet the eye ? Sup^ 
pose a person looking at a rainbow moves his eye, will he see the same 
dolors from the same drop of rain? Explain fig. 178, and show why 
we see different colors from different drops of rain. 
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because one eoloced ray is refracted more than^ auother. Nonr. 
suppose the red ray only reaches the eye from the dro^a, the 
green from the drop by and the violet from the dix>p <^, th^ 
the spectator would see a minute rainbow of three odors. 
But duiiag a shower of rain« all the drops which are in the 
position of a, m respect to the eye, would send forth red rays, 
and no other, while those ia the position of 6, would emii 
green rays, and no other, and those in the position of a, violet 
rays, and so'of all the other prismatic colours. Each Oircleof 
colours, of which the rainhaw is formed, is therefore composed 
of reflections firom a vast number of different drops of rain,^^ 
and the reason why these colours are distinct to oar senses, lis, 
that we see only one color from a single drop, with theeye^^in 
the same position, it follow^ then, that if we change- our 
position, while looking at a rainbow, we still see 9t how, but 
not the same as before, and hence, if there are many speet»-. 
ton, they will all see a different rainktew, though it i^peans 
to be the same. 

There are offen seen two rainbows, the one formtd as 
above described^ and the other, which is fainter, appearing 
on the ou^de, or above this. The secondary bow» as this 
last is called, ahrays has its o^er of colo^ the reverse of the 
primary one. Thus the colors of the primary how, beginning 
witih its upper, or outermost portion are red, orange, yellow, 
dpc. the lowest, or innermost portion being violet, while the 
secondary^ bow, beginning with the same correspondiqg part, 
is colored violet^ iadigo, &c. the lowest, or innermost circle 
being red. 

In the pnmary bow, we have seen, that the coloured rays 
arrive at the eye after two refractions, and one reflection. 
In the secondary how, the rays reach the eye afler two re-; 
fractiona, and two reflections, and the order of the colors i^ * 
reversed, beci^use, in this ease, the rays of light enter the 
lower part of the drop, instead of the upper part, as in the 
primary bow. The reason why the colours are fainter in the 
secondary than in the primary bow is, beci^use a part of the 
light is lost, or dispersed, at each reflection, and there being 
two reflections, by which this bow is formed, instead of one 
as in the primc^ry, the difference in brilliancy is very obvious. 

Do several persoiif peo th^ suae ramb^w at t)ie same time^ E^ain 
the reason of this. How are the colors of the primary and secondary 
t)ows arranged m respeet to each other? How many refiraetions and 
reflections produce the secondary bow f Why is t^e secondary bow less 
brimaat than the primm ? 
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The direelioa ^f a Hinf^ ray, showing how the ee^onctesy 
W w is fotoied, "vfill be se^a «t fig. i7&« 

^' ' The ray r^ 

HcottiihesuThj 
enters the 
drop of waw 
ter at d, and 
is refracted 
to &, then 
reflected to c, 
then a^ain 
reflected to 
<i, where it 
suffers an- 
otherrefrac- 
ti6n, and lastly, J>asses to the eye of the spectator at e. 

The raiiAow, being the consequence of the refractecl and 
reflected rays of the sun, is never seen, except when the sun 
and the spectator are insimilair directions, in respect to the 
shower. It assutnes the form of a semicircle, bei^ause it is 
otily at certain angles that the refracted rays are visible to the 
eye. 

Of the colors of things. The light of the sun, We have 
seen, rtiay be separated into seven primary rays, isach of 
which has a cblor of its own, and which is different from that 
of the others. In the objects which surround us, both naturad 
and artificial, we observe a great variety of colors, which dif- 
fer from those 'composing the solar spectrum, and hence one 
might be led to believe that both nature and art afford col- 
ors different from those afforded by the decomposition of the 
solar rays. But it must be remembered, that the solar spec- 
trum contains only the primary colors of nature, and that by 
mixing these colors in various proportions with each other, 
'an indefinite varilBty of tints, all differing from their primaries 
itiay \>e obtained* 

It appears that the colors oif all bodieis depehd on some pe- 
'culiar property of their isurfaces, in consequence of whiijh, 
they absorb some of the colored rays, and reflect the othera. 
Had the surfaces oif all bodies the property of reflectitig the 

Why are- the colors of things diUbrent frbiii those of thb solar speic- 
iriim ? Oh what do tfaie colors of bodies de|>end ? Suppose all bodies 
reflected the same ray, what wt>uld be the ^consequence, ia reg^d.to 
'colbr? 



isame tB,y <Mily, «1l nature would display the mimotoay of t 
single color, and our senses would never have known tfae 
charms of that variety which we bow behold. 

All bodies appear of the color of that ray, or of a tint de- 
pending on the several rays which it reflects, while all the 
other rays are absorbed, or, in «ther terms, are not reflected. 
Black and wMief therefore^in a philosophical sense, cannot 
be considered as colors, since the first arise from the absorp- 
tion of all the rays, and the reflection of none, and the last is 
produced by thereflectien of aU the rays, and the absorptioB 
of none. But in all colors, or shades of color, the rays oidy 
are reflected, of which the color is eooiposed. Thus the color 
of grass, and the leaves of plants is green, because the surfa- 
ces of these substances reflect only the green rays, and ab- 
• sorb all the others. For the same reason the rose is red, the 
violet blue, and so of all4:olered substances, everyone throw, 
ing out the ray of its own color, and absorbing all the others. 

To account for such a variety of colors as we see in difier. 
^ent bodies, it is supposed, that all substancest^ when made suf. 
ficiently thin, are transparent, ^d consequently, that they 
transmit through their surfaces, or absorb, certain rays of 
light, while other rays are thrown back, or reflected, as above 
described. Gold, for example, may be beat so thin as to 
transmit some of the rays of light, and the sam« is true of 
several of the other metals, which are capable of being ham- 
mered into thin leaves. It is therefore, most probable, that 
all the metals, could they be made sufficiently thin, would 
permit the rays of light to pass through them. Most, if not 
quite, all the mineral substances, though in the mass they 
may seem quite opaque, admit the light through their edges, 
when broken, and every kind of woods when mad* no thinner 
than writing paper, 1)ecomes translucent. Thus we may sde- 
^y conclude, that every substance with which we are ac- 
quainted, win admit the xays of light, when made sufficiently 
Ahin. 

Transparent, colorless substances, whether soli j, or fluid, 
such as glass, water, or mica, reflect, and transmit light of the 
same color; that is, the light seen through these bodies, and 
reflected from their surfaces, is white. This is true of all 

Why are not blaok ^and white, considered as colors ? Wlnr is thejcol- 
or of ^rass green'? How is the variety of colors accounted mr^ by con- 
sidering all bodies transparent ? What is said of .the reflecition pf a^ 
'ored light by transparent substances ? 



.' COLOBS. ^201 

transparent substances under ordinary circumstances ; but if 
their thickness be diminished to a certain extent, these eub. 
stances will botli reflect, and transmit colored light of various 
hues, according to their thickness. Thus the thin plates ot 
mica, which are left on the fingers, after handling that sub- 
stance, will reflect prismatic rays of various colors. 

There is a degree of tenuity, at which transparent substan. 
ces cease to reflect any of the colored rays, but abisorb, or 
transmit them all, in which case, they become black. This 
maybe proved by various experiments. If a soap bubble be 
closely observed, it will be seen, that at flrst, the thickness is 
sufficient to reflect the prismatic rays from all its parts, but as 
it grows thinner, and just before it bursts, there may be seen 
a spot on its top, which turns black, thus transmitting all the 
rays at that part, and reflecting none. The same phenome. 
non is exhibited, when a film of air, or water, is pressed be- 
tween two plates of glass. At the point of contact, or where 
the two plates press each other with th^'greatest force, there 
will be a black spot, while around this, there may bo seen a 
system of colored rings. 

From such experiments. Sir Isaac Newton concluded, that 
air, when below the thickness of half a mUlionth of an mch, 
ceases to reflect light ; and also that water, when below the 
thickness of three eigJuhs of a millionth of m inchi ceases to 
reflect light. But that both air and water, when their thick- 
ness is in a certain degree above thiese limits, reflect all the 
colored rays of the spectrum. 

Now an solid bodies are more or less porous, having among 
their particles either void spaces, or spaces filled with some 
foreign matter, difiering in density from the body itself, such 
as air, or water. Even gold is not perfectly compact, since 
water can be forced through its pores. It is most probable, 
then, that the parts of the same body, difiering in density, 
either reflect, or transmit the rays of light according to the 
size, or arrangement of their particles ; and in proof of this, 
it is found that some bodies transmit the rays of one color, 
and reflect those of another. Thus the color, which passes 
through a leaf of gold is green, while that which it reflects is 
yellow. 

From a great variety of experiments on this subject, Sir 

What substance is mentioiied, as iilastratin^ this fact ? When is it 
said that transparent substanees become black ? How is it proyed that 
fluids of extreme tenuity, absorb all the rays and reflect none f 
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Isatf c Newton condodes tbiit the transpareat p^vte of bodies, 
aceordf ng to the sisses of their tnnuparent pores, reflect ra^rs 
of one color, and transmit those of another, for the same rea- 
son that thin plates, or njdnote particles of air, water, and some 
other substances, reflect certain rays, and absorb, or transmit 
others, and that this is the cause of all their coloirs. 

In confirmation of the truth of this theoiy, it may be obaerv. 
ed, that many substances, otherwise opaque, become tmns. 
parent, by filling their pores with some transparent fluid. 

Thus the stone called Hfdrophanef is perfeclfciy opa<|iie, 
when dry, but becomes transparent When dipped in water ; 
and common wanting pi^r becomes translucent, after it has 
absorbed a quantity of oil. The transparuicy, in tbese cases, 
may be accounted for, by the diflerent refraotive powers 
which the water and oil possess, from the stone, or paper, and 
in consequence of which the light is enabled to pass among 
their particles by refraction. 



ASTRONOMY. 

Agtronomy is that science which treats of the motions and 
appearances of the heavenly bodies ; accounts for th6 {^keno- 
mena which these bodies exhibit to us, and explains die laws 
by which their motions, or apparent motions, are regiilated. 

Astronomy is divided into DeacripHtei Physical, and Pfac. 
ticdl. 

Descriptive astronomy demonstrates the magnitude's, disilan- 
ces, and densities of the heavenly bodies, and explaib^ the 
phenomena dependent on their motions, such iels th6 change 
of seasons, and the vicissitudes of day and night. 

Physical astronomy explains the theory of plarietaiy mo- 
tion, and the laws by which this motion is regulated and sus- 
tained. 

Practical astronomy details the <iescription and use of as- 
tronomtcal instruments, and developes the nature and appli- 
cation of astronomical calculations. 

The heavenly bodies are divided into three (fistinct dasses, 

What is the eonclonon of Sir Isaac Newton, eoticerning the tdnoity 
at which water and air cease to reflect light ? What is said of the po- 
rous nature of solid bodies P What is astronomy ? How is astronomy 
Winded ? What does descriptive astronomy teach? Whc^t is the ob- 
ject of physical astronomy ? What is practical astronomy ? 



or fj^fltettii vumdff tiio solar Bpntsm^ oonsiidog of the son, 
iQ0Miy aod plaouetei the 9yBtem pf the fixed stars, a(id the sya* 
tern of the comets* 

The Solar System^ 

Th& Sol w 9f9^^m i»aisis^ of the am, m^ twBmy'mn» othet 
bodies, which revolve around him at various distaj^ces, and in 
vfMrieus^ fi^ripdiB of time. 

. Thft bo(ties which revolve arpuad the suq m a eemtre, ^jra 
G«Jited jMrimary i^lm'^t^ Thus (he Earth, Veiuis aad Mar% 
are primary planets. Those which revolve around the. prima- 
ry ptimfilf, s^re oftltod ^eopfH^ari^ pl<V»pts, mtmf^ ot ioidlit^. 
OuK moQA is a s§c<»idary plpmet or satellite^ 

The primmy ^a»©to revqjve ground the wn to the fpllo wing 
onto, APd eon^J^tp their revolutions i« ^e following timeft> 
c^ffffufy^ ift ovur d^s ftiwl yfjara. Qeginping with that ne wrest 
the sun, Mercury perform^ l^s rpyoli:|tion in 87 dayi9 and 2$ 
hiNurs 5 V«ui9. ia ?a4 d^y^^ 17 bp^ra ; thd Ewth, alt^aded hy 
the mocm, in 365 d^ys, 6 h<Mw» ; Mari^, in 1 yeer, 322 days ; 
OereS) in 4 yecura, 7 months, And 10 days ; Pallas, m 4 yeam» 
7 months, and 10 d^ys; Juno, 19 4 yoars and ld$ days; 
V«^t$» ill 3 yearf f 66 days, ^4 4 hours ; Jupiter) in 1 1 yeww, 
^i5 day«, iu»d 15 t^oufs; S^m, ii^ 99 yeai^s^ 161 d»ys, and 
If^ bouss ; Horacbeli in 93 yea^a» 342 days, and 4 boiuw* • 

> ^ y^ajT coa^sts of the time . w}4q1^ i|t tqkoft a planet to per: 
form one complete revolution through its orbits o^ to pas^ once 
around the sun. 0^r aartb performs this revolution in 365 
dajys, snd tbcMrefore tbis is the peripd of our y0ar» Mercury 
complel)?f9 \^x r^vobition in B8 days, and ther^for^ her year is 
no longer than 68 of our days, 3nt the planet Herschel is 
situated at sncb 9^ distance b<m the sun, that bis revolution 19 
not complefied. in less than about 84 of our yeaijs* The other 
planets complete their revolutions in various periods oi time, 
between these ; so tb^t the time of these periods, is generally 
in proportion to tbe distaaojd of each plsnet from tbei sun* 

Ceres, Pallas, Juno, and Vesta, are the smsJloftf; oi all the 
planets, and are called Asteroids. 

fiAW ate the faeayenly bodiM divided? Of what does the solar bys- 
tem consift ? What ate the bodies ealled, whiefa revise around the 
sun as a centre f What are tiMMse calied, whioh revolve aroand these 
primaries as a centre? In tirhat order are the several planets situated, 
in respect to die son f How loaif does it take each planet to make its 
rev^ttttoiiaMiiiidthssanf Whatiaaj^earf What j^laaeti are caU^ 
asteroids? 
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Besides the above enumerated primary planets, our system 
contains eighteen secondary planets, or moons. Of these, 
our Earth has one moon, Jupiter four, Saturn seven, and 
Herschel six. None of these moons, except our own, and 
one or two of Satnms, can be seen without a telescope. The 
seven other planets, so far as has been discovered, are entire- 
ly without moons. 

All the planets move around the sun, from east to west, and 
m the same direction do the moons revolve around their pri- 
maries, with the exception of those of Herschel, which'appear 
to revolve in a contrary direction. 

The paths in which the planets move round the sun, and 
in which the moons move round their primaries, are called 
their orMte, These oibits are not exactly circular, as they 
are commonly represented on paper, but are elliptical, or oval, 
•o that all the planets are nearer the sun, when in one part 
of their orbits, than when in another. 

In addition to their •annaal revolutions, some of the planets 
aare kbown to have dtumal, or daily revolutions, like our earth. 
The periods of .these daily revolutions have been ascertamed 
in several of the planets, by spots on their sur&ces. But 
where no sndi mark is discernible, it cannot be ascertained 
whether the planet has a daily revolution or not, though this 
bas been fomd to be the case, in every instance where spots 
ai^ seen, and tfaer^nre Aere is little doubt but afl have a dai* 
fy, as well as a yearly motion. 

The axis of a planet is an imaginary line passing through 
its centre, and about which its diurnal revdution is perform- 
ed. 'The fdUs of the planets, are the extremities of this axis. 

The orl^te of Mercury and Venus are within that of the 
earth, and consequently they are called inferior planets. The 
orbits of all the other planets are without, or exterior to that 
of the earth, and these are called superior planets. 

That the orbits of Mercury and Venus, are within that of 
the earth, is evident from the circumstance, that they are 
never seen in opposition to the sun, that is, they never appear 

How many moons does our system contain? Which of the planets 
are attended by moons, and how many has each ? In what direction 
do the planets move around the sun ? What is the orbit of a planet? 
What revolutions have the planets, liesides their yearly revolutions? 
Have all the planets diurnal revolutions ? How is it Imown that the 
planets have daily revolutions ? What is the axis of a planet ? What 
is the pole of a planet ? Whieh ai» the superior, aad whidk the ioft« 
rior planets? 
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ia the W9iik» irfaea tU ten is in ^be eaiit Qa the oontrjoy) 
the orbiteof vM the othier planets are proved to he outside of 
the earth's, sinee these plaaetB are sometimes seen ui oppe* 
sition to the sun. 

Fig. 160. ^^ ^jjj ^^ ^nderttood 

by fig. 180, where supposii 
8 to be the sun, m the orbit 
of Mercury or Venus, c th^ 
drbit of the earth, and j^' ths^t 
of Jupiter. Now it is ovi. 
dent, that if a spedtieitor be 
placed any where in the 
earth's orbit, as at e, he may 
sometimes see Jupiter in op- 
position to the sun, as at j, 
because then the spectator 
would be between Jupiter 
and the sun. But the or- 
bit of Venus, being surrounded by that of the earth, she nev- 
er can come in opposition to the sun, or in that part of the 
heavens opposite to him, as seen by us, because obr earth 
Aenrer piuises between her and the sun. 

I^has already been stated, that the orbits of the planets are 
^iptical, atid that eonsequently, these bodies are sometimes 
nearer the sun than at others.^ An ellipse, or oval, has two 
foci, and the sun, instead of being in the common centre, is 
alwa3rs in the lower foci of their orbits. 

^^ ''*'* The orbit of a plahet is 

represented by fig. 181, 
where a, d, 5, e is ah el- 
lipse, with its two foci, s 
and 0, the sun being in the 
focus «, which is caUed the 
lower focus. 

When the earth, or any 
other {teiet, revolving 
around the sun, is in that 
part of its orbit nearest the 




How is it proved tbtt the iaftrior placets are within the earth^i orbit, 
and the raperior onei without it f Explain fig. 180, ind show why the 
inferior planete never can be in oppoaition to the sun. What are the 
flhapM of ^ irfaaetaiy orbits ? What is meant by perihelion ? 

18* 
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sun, as at a, it Is said to be in itspmAeliofti; and wheB in that 
part which is at the greatest distance from the sun, as at d, it 
IS said to be in its aphdhn. The line^, d, is the meajis or 
averag^ distance of the planet's orbit from the sun^ 

EcUptic. The plane$ of the orbits of all the planets pass 
through the centre of the sun. The plane of an orbit is an 
iQiaginary surface*, pacing from one extremity or side of the 
orbit, to the other. If the rim of a drum head be considered 
the orbit, its plane would be the parchment extended across 
it, on which the drum is beaten* 

, Let us suppose the earth's orbit to be suiih a plane, cutting 
the sun through his centre, and extending but on every side 
to the starry heavens ; the great circle so made, would mark 
the line of the edipiic, or the sun's apparent path dirough the 
heavens. 

This circle is called the sun's apparent path, because the 
revolution of. the earth eivips the sun the appearance of pass- 
ing through it. It is paUed the ecUptic, because eclipses hap- 
pen, when the moon is in^ or near this apparent path. 

Zodiac. The Zodiac is an imaginafy belt, or broad circle, 
extending c[uite around the heavens. The ecliptic divides the 
zodiac into two equal parts, the zodiajc extending 8 degrees 
on each sid^ ef the ecliptic^ and therefore is 16 degrees wide. 
The zodiac is divided into 12 equal parts, called the signs of 
the zodiac. 

The sun appdats every year to pass around the great circle 
of the ecliptic, ihd coosequenUy, through the 12 constella. 
tions, or signs of the zodiac. But it will be seen, in another 
place, that the sun, in respect to the earth, stands still, and 
that his apparent yearly course through the heavens is caused 
by the annual revolution of the earth around its orbit. 

To understand the cause of this deception, let us suppose 

What u tbSB plane of an orbit ? Ezplam what is meant by the eelip^ 
tic. Why is the Bcliptic called the sun's apparent path ? What is the 
zodiac? Hdw does the ecliptic divide the zodiac? How far does the 
sodBao extend, on each side of th6 ecliptic? 




# 
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that «y f^^. 182) is tb0 sud, a 6; a part 
of the circle of the eclijptic, and e dy 
a part of the earth's orbiti; /Now 
4f a idpectator be placed at c» he; will 
\ / aee the 8UB, in that part of the edip. 

\ / tic marked by h^ but when the earth 

\ / moves, injher annual revolution toil, 

\ / the spectator will see the sun in that 

part of the heavens parked by a; 
so that the motion of the earth in.one 
direction, will give the sun an appa- 
rent motion in the contrary direc- 
tion. 

A sign, or comtdlation, is a col- 
lection of fixed stars, and as we have 
already seen, the sun appears to move 
through the twelve sighs of the zodiac every year. Now the 
sun's place in the heavens^ of zodiac, is found by his apparent 
conjunction, or nearness to any particular star in a constella- 
tion. Suppose a spectator at c, observes the sun to be nearly 
in a line with the star at b, then the sun would be near a par- 
ticular star in a certain constellation. When the earth moves 
to dy the sun's place would assume another direction, and he 
would se^di to haVe moved into another Constellation) and 
near the star a^ 

Each of the 12 signs of the zodiac is divided into 30 small- 
er pattS} called degrees ; each degree into 60 equal parts, 
called minutes^ and each minute into 60 parts, called seconds. 
The division of the zodiac into signs, is of very ancient date, 
each sign having also received the name of some animal, or 
thing, which the constellation, forming thatsign, was supposed 
to resemble, tt is hardly necessary to say, Siat this is chiefly 
the result of imagination^ since the figures made by the places 
of the stars, never mark the outlines of the figures of animals, 
or other things. This isj however, found to be the most con- 
venient method of finding any particular star, for among as* 
trpnpmers, any star, in each constellation, may be designated 
by describing the part of the anitnal in which it is situated. 

Explain fig. 182, and shoW why the ton seema to pass through the 
ecliptic, when the earth only revolves around the sun. What ia a con- 
stellation, or sign ? How is the sun's apparent place in the heavens 
found ? Into how many parts, are the signs of the zodiac divided^ and 
what, are the«e.piurts caUed ? 
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Thwh by ioMiwiiigkow maigr stftM belong to the conatellalion 
Leo, or the Lion, we readily know what etar is meant by that 
wbieh ia situated on the Lion's ear or tail 

The naoHes of (^ 12 aiins of the Kodaic are Aries, Taurus, 
Gemini, Caneelf, Leo, Vhgo, Libra, Scoquo, Sagittarius, 
Ca]^ricom, Aquarias, and Piscee. The common names, or 
meaning of these woids, in the same order, are, the B^m, 
the Bull, the Twine, the Crab) the Lion, the Virgin, the Scalesj 
the Scorpion, the Aroher, the Goat, the Waterer, and the 
ftobes. 

Fig. 183. , 




The 12 si^fns of the Zodiac, together with the sun, an4 the 
earth revolving around him, are represented at fig. 183. When 
the earth is at A, the sun wUl appear to be jvit eDteriai^ the 

]»tJMire aay TttMmblsBeB Mwd^H the pUeet of the itan, aii^ tito 
figOTM 9i thd MiaMkaflflr whish they uecOled f Exphi^ why thk 
it « convenient method of finding any partieaiaf ettf in a ifigja.- 
ere the namee of the 12 signi ? 
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sign AjrieSy because then, when tednfrom ttie earth, he ranges 
towards certain stars at the beginning of that constellation. 
When the earth is at C, the sun will appear in the opp^Msite 
part of the heavens, and therefore in the beginning of Libra. 
The middle line, dividing the circle of the zodiac into equal 
parts, is the line of the ecliptic. 

DensUy of the Planets. Astronomers have no means of 
ascertaining whether the planets are composed of the Same 
kind of matter as our eaith, or whether their surfaces are 
clothed with vegetables and forests, or not. They have, 
however, been able to ascertain the densities of several of 
them, by observations on their mutual attraction. By density, 
is meant compactness, or the quantity of matter in a given 
space. When two bodies are of equal bulk, that which weighs 
most, has the greatest density. It was shown, while treating 
of the properties of hodiesy that substances attract each other, 
in proportion to the quantities of matter they contain. Ify 
therefore, we know the dimensions of several bodies, and can 
ascertain the proportion in which they attract each other, 
their quantities of matter, or densities, are easily found. 

Thus, when the planets pass each other, in their circuits 
through the heavens, they are often drawn a little out of the 
lines of their orbits by mutual attraction. As bodies attract in 
proportion to their quantities of matter, it is obvious that the 
small planets, if of the same density, will suffer greater disturb* 
ance from this cause, than the large ones. But suppose two 
planets, of the same dimensions, pass each other, and it is 
found that one of them is attracted twice as far out of its or- 
bit as the other, then, by the known laws of gravity, it would 
be inferred, that one of them contained twice the quantity of 
matter that the other did, and therefore that the density of the 
one was twice that of the othpr. 

By calculations of this kind, it has been found, that the 
density of the sun is but a little greater than that of water, 
while Mercury is more than nine times as dense as water, 
haying a specific gravity nearly equal to that of lead. The 
earth has a density about five times greater than that of the 
sun, and a little less than half that of Mercury. The densi- 

Explain why the son will be in the beginning of Aries, when the 
earth is at A. fig. 184. How has the density of the planets been ascer- 
taiaed ? What is meant by density ? In what proportion do bodies 
attract each Oftiier.? How are the densities of the planets aseertained ^ 
WhatoB tb« .denaly nf the toni, of Mercury, and of the earth ? 



tin of tb« other pkaets seem to diminisb in proportioa as 
their distances from the sun increase, the density of Saturn, 
one of the most remote of the planets, being only about one 
tliinl iSat of water, 

TkeSm. 

Thte sun is the centre of the solar system, and the great 
dispenser of beat and light to all the planets. Around the 
siift all the planets revolve, as atound a common centre, he 
being the largest body in our system^ and, so far as welcnow, 
the largest in the universe* 

The distance of the sun ficom the earth is 95 millions of 
i9iles> and his diameter is estimated at 880^000 miles. Our 
globe* when compared with the magnitude of the sun^ is a 
mere point, far his bulk is about Mfieen hundred thousand 
times greater than that of tlie earth. Were the suh's centre 
placed wl the oeBtie of the moon's orbit, his cireumference 
wiodd reaeh two hundred thousand miles beyond her oibit in 
every direction, thus filling the whole space between us and 
the moon, and extending nearly as far beyond her, as she is 
from us. A traveller* who should go at the rate of 90 miles 
a day* would perform a joamiey of nearly 38,000 miles in a 
year* and yet it would take such a traveHer Aiore than 80 
years to go round the circumference of the sun. A body of 
amb mighty dimensions, hangin|^ on nothing, it is e^rtna, 
must hsive emanated from aq Ahnighty power. 

The sun spears te move around the earth, every 34 hours, 
nsing in ^b east* and setting in the west. This motion, as 
will be proved in another pliu^, is only apparent, and arises 
fflsm the diurnal revt^ation of the earth. 

The sun, ahhongh he does not, like the planets, revolve in 
an orbit, is, however, not without motion, having a revolution 
around his own axis, once in 25 days and 10 hours. Both the 
fact that he has such a motion, and the time in which it is per- 
formed, have been ascertained by the spots on his surftiee. 
If a spot is seen, on a revolving body, in a certain direction, 
it is obvious, that when the same spot is again seen, in the 

In what proportions do the densities of the planets appear to dimin- 
ish ? Where is the place of the sun, in the solar system f What is the 
distance of the sup from the earth ? What is the diameter of the ran? 
Sui^Qse the centre of the sun w^d th«t of the moon's oihit to be coiaeu 
dcoC how fkt would the mm extend beyond the moon's erbit f Hdw i| 
it proved that the sun has a sMtiea araand has o wa axis ? Mow oftaa 
- does the sun reyolve ? 
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same direction, that the body has made one revolution^ By 
such spots die diurnal revolutions of the planets, as well as 
the sun, have been determined. 

Spots on the sun seem first to have been observed in the 
year 1611, since which time, they have constantly attracted 
the aUention, and have been the subject of investigation 
among astronomers. These spots change their appeatan^e as 
the sun revolves on his axis, and become greater, or less, to 
an observer, on the earth, as they are turned to. Or from hior; 
they also change in respect to real magnitude and niunber: 
one spot, seen by Dr. Herschel, was estimated to be more 
than six times the size of our earth, being 50,000 miles in 
diameter. Sometimes forty or fifly . spots may be seen at the 
same time, and sometimes oniy one. They are often so large 
as to be seen with the naked eye ; this was the case in 1816. 

In respect to the nature and design of these spots, almost 
every astronomer has formed a different theory. Some have 
supposed them to be solid apaque masses of dcorise, floatmgin 
the liquid fire of the sun ; others as satellites, revolving round 
him, and hiding his light from us; others as immense masses, 
which have fallen on his disc, and which are dark Colored be- 
cause they have not yet become sufficiently heated. In two 
kistaifces, these spots have been seen to burst into several 
parts, and the parts to fly in several directions, like a piece 6f 
ice thrown upon the ground. Others have supposed that 
these dai^ spots were the body of the sun, which became 
visible in consequence of openings through the fiery matter^ 
with which he is surrounded. Dr. Herschel, from many ob. 
servations by his great telescope, concludes, that the shining 
matter of the sun consists of a mass of phosphoric clouds, and 
tlmt the spots on his surface, are owing to disturbances in the 
eqotlibrium of this luminous matter, by which openings are 
made through it. There are, however, objections to this the- 
ory, as indeed there are to all the others, and at present it 
can only be said, that no satisfactory explanation of the cause 
of these spots has been given. 

That the sun, at the same time that he is the great source 
of heat and light to all the solar worlds may yet be capable of 
supporting animal life, has been the favourite doctrine of seve- 

V?hen were spots ob the wan first obserted? What has been the dif- 
ference in the number of spots observod ? What was the sice of tbe 
spot seen hy Dr. Herschel? What has been advanced concerning the 
natare of theso spots f Have they been accounted for satisfactorily ? 
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ral able astronomers. Dr. Wilson first suggested, that this 
might be the case, and Dr. Herschel, with his great telescope, 
mi^e observations which confirmed him in this opinion. The 
latter astronomer supposed that the functions of the sun, as 
the dispenser of liffht and heat, might be performed by a lumi- 
nous, or phosphoric atmosphere, surrounding him at many 
hundred miles distance, while his solid nucleus might be fit. 
ted for the habitations of millions of reasonable beings. This 
doctrine is however, rejected by most writers on the subject 
at the present day. 

Uercury, 

Mercury y the planet nearest the sun, is about 3000 miles in 
diameter, and revolves around him, at the distance of 37 
millions of miles. The period of his annual revolution is 87 
days, and he turns on his axis once in about 24 days. 

The nearness of this planet to the sun, and the short time 
his fully illuminated disc is turned to virards the earth, has pre. 
vented astronomers from making many observations on him. 

No signs of an atmosphere have been observed in this 
planet. The sun's heat at Mercury is about seven times great- 
er than it is on the earth, so that water, if nature follows the 
same laws there, that she does here, cannot exist at Mercury, 
except in the state of steam. 

The nearness of this planet to the sun, prevents his being 
often seen. He may, however, sometimes be obeerved just 
before the rising, and a little after the setting of the sun. When 
seen afler sunset, he appears a brilliant, twinkling star, show- 
ing a white light, which, however, is much obscured by the 
glare of twilight. When seen in the morning, before the ri- 
sing of the sun, his light is also obscured by the sun's rays. 

Mercury, sometimes crosses the disc of (iie sun, or comes 
between the earth and that luminary, so as to appear like a 
small dark spot passing over the sun's faoe^ This is called 
the transit of Mercury. 

Venus. 

Venus is^the other planet, whose orbit is within that of the 

What 19 Mid concermng the san'i being a habitable ^lobe ? What b 
the diameter of Mercury, and what are his periodi of annual and diurnal 
revolution ?' How great ia the sun'a heat at Mercury ? At what times 
ii Mercury to to be aeen P What is a transit of Mercury .^ 



^eniihp Her diameter is about 8000 miles, being somewhat 
lareer than the earth. 

Her revolution around the sun is performed in 224 days, at 
'the distance of 68 millions of miles from him. She turns on 
her axis ohce in 23 hours, so that hefr day is a little shorter 
than ours. 

Ventis, as seen from the earth, is the most brilliant of all the 
primary planets, and is better known than any nocturnal lumi- 
nary except the moon. When seen through a telescope, she 
exhibits the phalsejs, or homed appearance of the moon, and her 
lace is sometimes varilagated with dark spots. Venus may 
often be seen, in the day time, even when she is in the vicini. 
ty of the blazing light of the sun. A luminous appearance 
^around this planet, seen at certain times, proves that she has 
an atmosphere. Some of her mountains are several times 
more elevated than any on our globe, being from 10 to 22 
miles high. Venus sometimes makes a transit across the 
.son's d^, in the same manner as Mercury, already de- 
scribed. The transits of Venus occur only at distant periods 
•from each other. The last transit was in 1769, and the next 
will not happen until 1874. These transits have been ob- 
served by astronomers with the greatest care and accuracy, 
V since it is by observations on them, that the true distances of 
the earth and planets from the sun, are determined. 

'When Venus is in that part of her orbit, which gives her 
itbe appearance of being west of the sun, she rises before him, 
iand is then called the morning star ; and when she appears 
east of the sun, she is behind him in her course, and is then 
called the evening star. .These periods do not agre^, either 
with the yearly revolution of the earth, or of Venus, for she is 
alternately 290 days the morning star, and 290 days the even- 
ing star. The reason of this is, that the earth and Venus 
move round the sun in the same direction, and hence her re- 
lative motion, in respect to the earth, is much slower than her 
absolute motion in her orbit. If the earth had no yearly 
motion, Venus would be the morning star one half of her year, 
and the evening star the other half. 

Where is the orbit of Venus, in respect to that of the earth ? What 
is the time of Venus' revolution round the sun ? How often does she 
torn on her axis ? What is said of the heieht of the mountains in Ve- 
nus ? On what aocountare the transits of Venus observed with great 
care ? When is Venus the morning, and when tiie evening star f How 
^loQg is Venus the morning, and how long the evening star ? 

19 
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The next plmiet in our system, nearest the sun, is the ^fikuthw 
This planet revolves around him in ^5 days, 5 houis, anji 
48 minutes ; and at the distance, of 95 mUfions of lailea. 
b turas round its own axis once in 24 hours, making a 
day and a night. The Eairth's revolution round the sun, is 
caUed iUp jmnvoZ, <«* .yfiorZy motion, because it is performed 
in a year; while the revolution around its own axis, is 
called the JturNoZ, or 'daily motion, becaiise it takes place 
every day. The figure of the earth, with the phenomena con- 
nected with her motion, will be explained in another place. 
The Mxm. 

The Moon, next to the son, is, to ns, the most 'brHHaBft, and 
interestifig of all the ^lestial bodies. Being the neatast to 
us, of any of the heavenly orbs, and apparency desi^faed for 
"iour use, she has been observed with great attention, andmany 
«f the phenomena which slie presents, are therefeve bettei* 
understood and eicplained, than those of the other plaoets. 

While the earth revolves round the sun in a year, it is at- 
tended by the Moon, which mak^ a revolution rooad the 
earth once in 27 days 7 hoars and 43 minutes. The distance 
of the Moon from the eairth is 240,000 miles, and her diametdi- 
about 2000 miles. 

Her surface, when seen through atelesoQt>e, appears diver- 
sified with hills, mountains, valleys, lodes, atid plains, present- 
'ing a fnost interesting and carious aspect : but the ezplana- 
'tiou of these phenomena are reserved for another section* 

Mors* 

This next planet in the solilr system, is Mars, bis orbit 
surrounding that of the earth. The diameter of this planet 
is upwards of 4000 miles, being about half that of the earth. 
"The revolution of MatiB around the sun is performed in nearly 
'687 days, or in somewhat less than two of our years, and he 
turns on his axis once in 24 hours and 40-miilutes. His mean 

How long does it take the earth to revolve rtnttid the sun > What is 
meaat by the earth's annual revolution, and what by her diurnal revo- 
lutlonf Why are the phenomena of the moon better ea^bined than 
those of the other planets f In what time is a i^6ltttio& bf the moon 
about the earth perfbrmed f What is the distanos of the mobn from tiie 
earth ? What is the diameter of Men P How i^ueh longer is a ye%r 
at Mars;,thai| our year ? 
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(K«lii^# IhwEi the Bilii is 144 wflions of ipilesy sq tlif^ h^ iiioye« 
in his Qrbit ajt the ta^ of a^bout 55,000 unles in, m hour. The 
days aJod nights, a,t this pla,iBet» and the. different seasons o^ 
the year, bear a considerable iresemblance to those of the 
earth. The density of Mars is less than that of tli^ ^rth^ 
being only three times that of wateor. 

Mars reflects a doU red light, by wh^ch he may be distin- 
guished finom the other planets^ His-appearancO), through the 
telescope, i^" remarkable for the great number and variety of 
spots which his suj^face presents. 

Mars has an atmosphere of great density and extent, as is 
pioTod by the dim appearance of the fixed stars, when seen 
through it« When any of the stars are aepn nearly in a line 
wj^h tUs planet, 4hey give a faint, obscure light, and the 
nearer they approach the line of his disc, the. filter is their 
light, until the stiM^ is entirely obscured from the sight. 

This planet sometimes appears much ligrgerto us, than at 
oHiers, wad this is readily aeeowiled Ibr by his greater, o]:le8a 
distiOMie. At his nearest approach to the earth, his cUstanc^ 
is only 50 millions ei miles,, while his greatest distance is ftM 
millions of miles ; making a difference in hie distance of 190 
millions of miles, oft the difimeter of the earth^i orbit. 

The Sim's heat i^ tl^iis. planet, is lesA tif(^ half thi^ ^hiclii, 
we enjoy. 

To the inhabitants of Mars, eur planet appears alternately 
es the morning and evening star, as Venus does to us* 

Vesta, Junoj PdOaSy ai\d Cereti. 

These plenets were unknown until recently, and are there- 
fore sometimes called the new planets- |t has been mention* 
ed, that th^y are also called AOercixk. 

The orbit ofTestd is next in the solar syste^i to that of 
Mars. This planet was discovered Iq^llr. <Mpere» ofAfMien, 
in 1807. The fight of Vesta is of a pure white, and Ui a dear 
night she may be seen with the naked eye, appearing about 
the sisce of a star of the 5th or 6th magnitude. Her revolu- 
tion round the sun is performed In B years and 66 di^ys, at 
the distance of 223 miliions of miles from him. 

Wbftt is Ms rate of motion in bit orbit ?. What is his appearance 
through the telescope > How is it proved that Mars has an atmosphere 
of great dsaaity ? Why does Mars sometines appear to ns larger than 
at others? Howgreal ts the sun's beat at Mais? Whieh are the sew 
planets, or asteroids? When was Vesta discovered? What is the pe 
liod of Vestal annual leroliition ? 
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Jnm was discovered by Mr. fihurdiiig, of Bkemeiiy m 18M. 
Her mean distance from tke sun is S&3 millions of miles. 
Her orbit is more elliptical than that of any other planet, and 
in consequence, she is sometimes 127 miUions of miles nearer 
the sun Uian at others. This planet cpmpletes its annual re. 
volution in 4 years and a^ut 4 months, and revolves round 
its axis in 27 hours. Its diameter ia 1400 miles. 

PfdUu was also discovered by Dr. Olbers, in 1802. It» 
distance from the sun is 226 millions of miles, and its periodic 
revolution round him, is performed in 4 years and 7 months^ . 

Ceres wva discovered in 180^1, by Piazzt, of Palermo. This 
planet performs her revolution in the same time as Pallas^ 
being 4 years and 7 months. Her distance from the sun 260 
millions of nnles. According to Dr. HerseheV tihis plaaet is 
only about 160 miles in diameter. 

Jupiter^ 

Jupiter is 80,000 mSea in diameter^ and performs hiaasaau^ 
al revolution once in about 11 years, at ihe distance of 490^ 
millions of miles from the sun. This is the largest planet in 
Uie solar system, being about 1400,times larger than the earth.. 
His diurnal revolution is performed in nine hours and fifly- 
fiye minutes, giving his surface at the equator, a mpticm of 
28,000 miles per hour. This motion is about twenty times 
more rapid than that of our earth at the equator. 

Jupiter» next to Venus, is the most brilliant of the planets, 
though the light and heat of the sun on him, is nearly 25 
times less than on the earth. 

This planet is distinguished from all the others, by an ap- 
pearance resembling bands, which extend across his disc, 
Fig. 184 




When was Juno difcovered? What is her distance fVom the sun?. 
What is the period of her revolution, and what her diameter f 
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Tliese are temied beUs, and are variable, both in respect to 
number and appearance. Sometimes seven or eight are 
seen, several of which extend quite across his face, while 
others appear broken, or interrupted. 

These bands, or belts, when the planet is observed through 
a tdescope, appear as represented in ^g. 184. This appear- 
ance is much the most common, the belts running quite across 
the face of the planet in parallel lines. Sometimes, however, 
his aspect is quite different from this, for in 1780, Dr. Hers- 
chel saw the whole disc pf Jupiter covered with small curved 
lines, each of which appeared broken, or interrupted, the 
whole having a parallel direction across his disc, as in fig. 185. 
Fig. 185. 




Different opinions have been advanced by astronomers re 
specting the cause of these appearances. By some, they have 
been regarded as clouds, or as openings in the atmosphere of 
the planet, while others imagine that they ar6 the marks of 
great natural changes, or revolutions, which are perpetually 
agitating the surface of that platiet. It is, however, most pro. 
l>able,that these anpearanc^es are produced by the agency of 
Some cause, of which we, on this little earth, must always be 
entirely ignorant. 

Jupiter has four satellites. Of moons, two of which are 
sometimes seen with the naked e^e. They move round, and 

What 18 said of Pallas and Ceres ? What is the diameter of Jupiter ? 
What is his distaiice from the sun ? What is the peHod of Japiter'to 
diurnal revolution ? What is the sen's heat and light at Jupiter, when 
ieorapared with that of the earth f For what is Jupiter particularly dis- 
tingaiahed ? Is the appearance of Jupiter's hnUlM always the same, or 
do they change ? What is said of the cause of Jupiter's belted appear- 
ance ? How many noons has Jupiter, 9^ what al^e \hl^ periods cnftheir 
revolutions ? 

i9» 
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attebd him in his yearly revolution, as the moon does our 
earth. They complete their revolutions at diflS^ent perioifa, 
the shortest of which is less than ten days, and the l<mgest 
seventeen days. 

These satellites often fall into the shadow tt their primary, 
in consequence of which they are eclipsed, as seen from the 
earth. The eclipses of Jupiter's moons have been observed 
with great care by ^tronomers, becanse they have been the 
means of determining the exact longitude of places, and the 
velocity with which light moves through space. How longi- 
tude is determined by these eclipses, cannot be explained or 
understood at this place, but the method by which they 
become the means of ascertaining the velocity of light, anay 
be readily comprehended. An eclipse of one of these satel- 
lites, appears, by calculation, to take place sixteen minutes 
sooner, . when the earth is in chat part of her orbit nearest to 
Jupiter, than it does, when the earth is in that part of her or- 
bit, as the greatest distance from him. Uence light is foimd 
to be sixteen minutes in crossing the earth's orbit, and as the 
sun is in the centre of this orbit, or nearly so, it must take 
about 8 minutes for the light to come from him to us. Light 
therefore, passes at the velocity of 95 millions of miles, our 
distance from the sun, in about 8 minutes, which is nearly 200 
thousand miles in a second. 

Saturn. 
The planet Saturn revolves round the sun in a period of 
about 30 of our years, and at the distance from him, of 900 
millions of miles. His diameter is 79,000 miles, making his 
bulk nearly nine hundred times greater than that of the earth, 
but notwithstanding this vast size, he revolves on his axis 
once in about ten hours. Saturn therefore perforins upwards 
of 25,000 diurnal revolutions in one of his years, and hence 
his year consists of more than 25,000 days ,* a period of time 
equal to more than 10,000 of our days. On account of the 
remote distance of Saturn from the sun, he receives only 
about a 90th part of the heat and light which we enjoy on the 
earth. But to compensate, in some degree, for this vast dis- 
tance from the sun, Saturn has seven moons, which revolve 

What oocaskms the eclipies of Jupiter's mooius ' Of what use are 
these edipses to astronomers ? How is the velocity of light asopitoiii* 
od by the ectipses of Jupiter's satellites f What is the time of Satan's 
periodic revolution round the sun ? What is his distance from the sua ? 
What his*diameter ? What is the period of his diurnal revolution .' 
How many days make a year at Saturn ? 
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rovmd bim at different distances, and at various periods, from 
ItodOda^s. 

Satwn is distiiifniifl^ed from the other planets by his ringji 
as Jupiter is by his belt. When this planet is viewed through 
a teleaoope, he appei^rs surrounded by an immense luminous 
circle, which is represented by fig. 186. 

Fig. 186. There are in- 

I deed tWoluminous^ 
I circles, or rings,^ 
I one within the^ 
I other, with i^ dark 
I space between 
I them, so that they 
I do not appear to> 
I touch each other, 
Neither does the inner ring touch the body of the planet, 
there being by estimation, about the distance of 30,000 miles 
between them. The external circumference of the outer ring 
is 640,000 miles, and its breadth, from the outer to the inner 
circumference, 7,200 miles, or nearly the diameter of our 
earth. The dark space, between the two rings, or the inter- 
val between^ the inner, and outer ring, is 2800 miles. 

This immense appendage revolves round the sun with the 
planet, — ^performs daily revolutions with it, and according to 
Dr. Ilerschel, is a solid substance, equal in density to th6 
body of the planet itself. 

The design of Saturn's ring, an appendage so vast, and 90 
different from any thing presented by the other planets, has 
always been a matter of speculation and inquiry among astron. 
omers. One of its most obvious uses appears to be that of 
reflecting the light of the sun on the body of the planet, add 
possibly it may reflect the heat also, so as in some degree to 
soften the rigour of so inhospitable a climate. 

As this planet revolves around the sun, one of its sides is 
illuminated during one half of the year, and the other side 
dttring the other half; so that, as Saturn's year is equal to 
thirty of our years, one of his sides will be enlightened and 
darkened, alternately, every flfleen years, as the poles of onr 
earth are alternately in the Ught and dark every year. 

How many moons has Saturn ? How is Saturn particularly distin- 
guished from all the other planets? What distance is there between 
tiie body of Saturn and his inner rmff .? What distance is there between 
his inner and oater ring ? What is uie circumference of the outer ring? 
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Fj£. m. Fig. 167 r^fesents Sat. 

lurn as seen by an eye pla- 
ced at right angles to Uie 
i]ane of his ring. When 
If^ceEi from the earthy his 
Iposuiori is always oblique, 
las represented by fig. 186. 
I The inef tvhite carde 
Ire presents the body of tbe 
planet, onlighteoed by tiie 
ua, Tke dark circle next 
Ito this^ 15 the ttoenifgbteBad 
Ispaco between the body of 
Ithe planet aad tbe inner 
■ring, being the daric ex*^ 
■panse of the heavens be- 
yond the planet. The t\\ o white circWs are the rings of the 
planet, with the dark space between them, which also is the 
dark expanse of the heavens. 

Herscheh 

In consequence of some inequalities in the inotions of Ju 
piter and Saturn, in their orbits, several astronomers had sus- 
)»ected that there existed another planet beyond the oH^it of 
datum, by whose attractive influence these irregularities were 
produce<L This conjecture was confirmed by Dr. Herschel, 
in 1781, whointhat year discoved the planet^ which is now 
generally known by the name of its discoverer, tfiough called 
by him Georgmm nduM* The orbit of Herschel is beyond 
that of Saturn, and at the diitance of 1800 millions of miles 
from the son. To the naked eye this planet appears like a 
star of the sixth magnitude, being, with the exception of some 
of the comets, the most remote body, so far as is known, in 
the solar system. 

Herschel completes bis revolution roond the sun in nearly 
84 of our years, moving in his orbit at the rate of 15,000 miles 
in an hour. His diameter is 86,000 miles, so that his bulk is 
about eighty times that of the earth. . The light and^heat of 

How long is one of Saturn's sides alternately in the light and dark ? 
In what position is Saturn represented by fig. 187 ? What circum- 
fltance led to the discovery of Herschel ? In what year, and by whom 
was Herschel discovered ? What is the distance of Herschel from the 
«un ? In what period is his rerolution round the ftun performed ? What 
^ the diameter of Herschel ? 



tbe 809 al H^rseiiel is about 36(^ times less than it is at the 
earth, and yet it has been foimid bj calo^ladon, that thisligbt 
ia equal tCK 5^. of our full inoonsy a sUaking proof of the in... 
conceivable quantity of light emitted by the sun, ': 

This planet haa sisi: sateltites, which involve round him. at 
various distances, and in different times. The periods^ of. 
some of these have been ascestaiaed, while thpse of the others,, 
remain unknown. 

Fig. 189. 
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Having now given a shott account of each planet composing 
the solar system^ the relative situation of their several orbits, 
with the exception of those of the Asteroids, are shown by 
fig. 189. 

In the figure, the orbits are marked by the sig^6. of eacU 

What is the quantity of light and heat at Herschel, when compared 
with that of the ea^? 



phmee, of wlii«h t^ fint, or that nearest t&e rnm^ k M efc wr y, 
the next Vennv, the thM the Earth, the foarth Mara ; then 
come thoee of the Aelerokls, them Jupiter, then Saturn, mi 
lastly HerscheL 

The comparitiTe dimensions of the planela ajpo €Mineated 
at fig. 189. 

Tig. 188. 
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Xotums of the PUm^. 

It is said that when Sir Isaac Newton was near demonstra*. 
ting that great truth, that gravity was the cause which kept 
the heavenly bodies in their orbits, he became so agitated with 
the thoiightsofthe magnitude and consequences of his disco, 
very, as to be unable to proceed with his demonstrations, and 
denred a fiiend to finish what the intensity of hie feelings 
Would not aIlo# him to complete. 

We have seen, in a former part of this work, that all undis* 
turbed motion is straight forward; and that a body projected 
into open s^ace, woSd continue, perpetually^ to move in a 
right line, unless retarded, or drawn out of this course by 
some external cause. 

To account for the motions of the planets in their orbits, 
we will suppose that the earth, at the time of its creation, was 
thrown, by the hand of the Creator, into open space, the sun 
having been before created and fixed in his present place. 

Under Campawid Moiian, it has been shown, that when a 
body is acted on by two forces, perpendicular to each other, 
its motion will be in a diagonal line between the direction of 
the two forces. 
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To make flaiei ^bviofu, lAipH 
pose « baM to be imymg in 
tiie line m «» %. lOQ, with a 
'given fence, and snppeee ano- 
ther force half as groat, sheuid 
^rike it in the direction of n, 
jthe ball weald then describe 
<he diagonal of a parallelo- 
gram, whose length would be 
juat'ecitial to twice ite breadth, and the line of the ball would 
be straight, because it would o^bey the impulse and direction 
of these two forces only. 

Fig* 191. Now suppese a, fig.191, 

to represent the earth, and 
iSthe sun; and suppose 
the earth to be moving 
forward, in the line from 
a to 6, and to have arrived 
at 'a, with a velocity suffix 
cient, in a given time, and 
without disturbance, to 
^have oaaried it toft. But 
at the point a, the sun, jS, 
acts upon the earth with 
his attrfi^ctive power, and 
-with a force which would 
draw it to c, in the samespace of time that it would otherwise 
have gone to b. Then the earth, instead of passing to ft, in a 
straight line, would be drawn down to d, the diagonal of the 
paraUelogram a, ft, d^ c. The line of direction, in fig. 190 is 
straight, because the body moved, obeys only the direction of 
the two forces, but it is curved from a to d, fig. 191, in con- 
sequence of the contisued force of the sun^ attraction, which 
produces a coilstant deviation from « a right line. 

When the earth airives at d^ still retaining its projectile, or 
oentrifugal force, its line of direction would be towards n, 
hat while it woukl pass along to n, without disturbance, the 
attracting force of the suii is again sufficient to bring it to e, 

Sappose a body to be aeted on by tvo forces, perpendicular to each 
of^er, in what direction will it move f Why does the ball, %. 190, 
move in a straight line ? Why does the earth, fig. 191, more in a curv- 
ed line ? . Explain fig. 191, und te^ow how th&two forces act to.pxodace 
a circular line of motion. 
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in a straight line, so that in obedience to the two imptil8es,it 
•again describes tiie curve to o. 

It mirst be reniembered, in order to account for the circular 
motions of the planets, that the attractive force of the sun is 
not exerted at once, or 'by a single impulse, asis^thecase with 
the dross forces, producing a straight line, but that this force 
is imparted by degrees and is constatiL It therefore acts 
equally on the earth, in all parts of the^^ourse from a tod, 
and from d to o. From o, the earth having the same impulses 
as before, it moves in the same curved, or -circular direction, 
and thus its motion is continued perpetually. 

The tendency of the earth to move forward in a straight 
'line, is called its centrifugal force, and the attraction of the 
'sun, by which it is drawn downwards, or towards a centre, is 
called its ceMripetal farce, and it is by these two forces that 
the planets are made to perform their constant revolutions 
^around the isun. 

In the above explanation, it has been supposed that the 
'sun's attraction, which constitutes the earth's gravity, was at 
all times equal, or that the earth was-at an equal distance from 
the sun, in all parts of its orbit. But as heretofore explained, 
the orbits of all the planets areelliptical, the sun being placed 

in the lower focus of the 
ellipse. The sun's attrac- 
tion is therefore stronger 
in some parts of their or- 
bits than in others, and for 
this reason, their velocities 
are greater at some periods 
of their revolutions, than 
at others. 

To make this under- 
stood, suppose, as before, 
that the centrifugal and 
centripetal forces so bal- 
ance each other, that the 
earth moves round the cir- 




What is the projectile forpe of the earth called ? What is the at- 
•tractive foice of the «an, which draws the earth towards hixn. called P 
Explain fig. 192, and show the reason why the velocity is increased 
from c to d, and why it is- not retarded from d to;^. 



femlaf orbit a^ ^, iig. 192, until it comes t^^ the poiat e ; and 
At 1l^|0 point, let us suppose, that the gravitating force is too 
,9troii^ for tfa« force of psojectiop, so that the earth, instead of 
ooatiQuing its former direction towards 5, is attracted by the 
sqn «, in the curye e c. When at o, the line of the earth's 
pirojeetile force, instead of ten<Jiing to carry it farther from the 
sun, a^ .would b^ the ease, were it revolving in a circular or. 
.bit, ROW tends to draw it still nearer .to him, so that at ih\^ 
point, it is impelled by both forces towards the sun. From c, 
therefore, the force of gravity increasing in pr(H)ortion as the 
^uare of the distance between the sun and earth diminishes, 
the velocity of the earth will be uniformly accelerated, until 
it arrives at the point nearest the sun, d. At this part of its 
orbit, the efjirth ynW have gained, by its increased velocity^ so 
much centijifugal force, as to give it a tendency to overcome 
the aun's attraction, ,and to fly off in the line d o. fiut the 
sun's attraction being also increased by the near approach of 
the earth, the earth is retained in its orbit, notwithstanding 
its increased centrifugal force, and it therefore passes through 
the opposite part of its orbil,- from d to^, at the same distance 
froin him that it approached. As the earth passes from the 
sun, the force of gravity tends continually to retard its motion^ 
a^ it did to incirease it while approaching him. But the velocity- 
it had acquired in approaching the sun, gives it the same rate 
of motion from d to ^, ^hat it had from c to ^. From g, the 
earth's motion is unij^rmly retarded, until it again arrives at e, 
the point from whic^ it commenced, and from whence it de. 
scribes the same orbit, by virtue of the same foi:ces, as before. 

The earth, therefore, in its journey round the sun moves at 
very unequal velocities, sometimes being retarded, and then 
again accelerated by the sun's attractiqn. 

It is an interesting circumstance, respecting the motions of 
the planets, that if the contents of their orbits be divided into 
unequal triangles, the acute angles of which centre at the sun, 
with the line of the orbit for their bases, the centre of the 
planet will pass through each of these bases in equal times. 

'This will be understood by fig. 193, the elliptical circle bor 
ing supposed to be the earth's orbit, with the sun, ^y in one of 
the foci. 

Now the spaces 1, 2, 3, &c. though of different shapes are 
of the sai^e dimensipus, or contain the same quantity of surr 

What ifl^nieaot by a plfuiet's passing ^roiigh equal spaces in equal- 
,tinietf 
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Fig. 193. 




face, l^e earth, we hai» 
already -seen, in its journey 
round the sun, describes an 
ellipse, and moYes more ra- 
pidly in one part of its orbit 
than in another. But what- 
ever may be its ^actual velo- 
city, its comparatLve motion 
is through equal rareas in 
!^ equal times. Thus its cen- 
tre passes from E to C, and 
from B to A, in the same pe- 
riod of time, and so of all 
the other < divisions marked 
in the figure. If the figure, 
therefore, be considel^d the 
plane of the earth's orbit, 
divided in 12 equal areas, 
answering to the 12 months of the year, the earth will pass 
through the same areas in every month, but the spaces through 
which it passes will be increased, during every month, for one 
half the year, and diminished, during every month, for the 
other half. 

The reason why the planets, when they approach near the 
sun do not fall to him, in consequence of his increased attrac- 
tion, and why they do not fly off into open space, when they 
recede to the greatest distance from him, may be thus explain- 
ed. 

Taking the earth as an example, we have shown, that when 
in the part of her orbit nearest the sun, her velocity is greatly 
increased by his attraction, and that consequently the earth's 
centrifugal force is increased in proportion. As an illustra- 
tion of this, we kuoWl hat a thread which will sustain an 
Qunce^imll when whirled round in the air, at the rate of 60 
revolutions in a minute, would be broken, were these revolu- 
tions increased <to the number of 60 or 70 in a minute, and 
that the ball would then fly off in a straight line. This shows 
that when the motion of a revolving body is increased, its cen- 

How is it shown, that if the motion of a revolving body is increased, 
its projectile force is also increased'* By what force is ttie earth's Te- 
locity increased, as it approaches the sun ? When the earth is nearest 
the sun, why does it not fajl . to him ? When the earth's centrifugal 
, force is greatest, ii^'hat prevents its flying to the sun ? 
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' irifugftl forcer is* also itiereased. Now the velocity of the 
earth increases io an inverse proportion, as its distance from 
the sun diminishes, and in proportion to the increase of veloci- 
ty is its centrifugal force increasied ^ so th^t> in any other part 
df its orbit, except when nearest the sun; this increase of 
velocity would carry the earth away from it^ centre of attrac- 
tion. But this increase of the ea^h's velocity is caused by 
its near approach to th« sun, and consequently the sun's al^ 
traction is increased, as well as the earth's velocity. In other 
terms, when the centrifugal force is increased, the ceatripetal 
force is increased in proportion, and thus while the centrifu- 
gal Ibreiai preventi» the earth from falling to the sun, the cen^ 
tripetal force prevents it frbni moving off in a straight line« 

When the earth is in that part of its orbit most distant from 
the sun, its projectile velocity^ being retarded by the counter 
force of the sun's attraction, beoamesgveatly diminished, and 
thenthe centripetal force becomes stronger than the centrifu- 
gal, and the earth is again brought back by the ^'un's attrac- 
tion, as before, and in this manner its motion goes on without 
ceasing. It is supposed, as the planets move through spaces 
void of reflifltance, that their centrifugal forces remain the 
same as when they first emanated from the band of the Crei^ 
tor, and that this force without the influence of the sun's at-" 
traction, would carry them forward into infinite space. 

The Earth. 

, It is almost universally believed, at the present day, that 
the apparent daily motion of the heavenly bodies from, easttp 
west^ is caused by the real motion of the earth from Westt to 
east, and yet there "are comparatively few who hkve examined 
the evidence on which this belief is founded. For this rea- 
son, we lyill here state the most obvious, and to a common 
observer the most convincing proofs of the earth's revolution. 
These are, first, thef inconceivable velocity ^.of thlB hiutveni^ 
bodies, and pairtieularly the fix9d ^tars around the earth, if sihe 
stands still. Second, the fact, that all astronomers of the 
present age agree; that every phenomenon which the heavens 
present, can be best accounted for, by supposing the earth to 
Irevolve. Third, the analogy to be drawn fitom many of the 
other planets, which are known to revolve 6n their axes ; and 
feurth, the difierent lengths of days and nights at the dificrent 

What are the most obviouii and cdiivinkitig firoofb that the earth re- 
tolyeeonitsaxis? 
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planetfi^' for Ad the sun revolve about ibe solar my&ient^ the 
days and nights at many of the planets mudt be of simiTdr 
lengths. 

The distance of the sun from the earth being 96 milUons 
of miles, the diameter 6f the earth's orbit is twice its distance 
from the sun, and therefore, 190 millions of miles* Now the 
diameter of the eattti's orbit, when seen from the nearest fixed* 
i^r, ier a mere point, and were the orbit a sdid mass of 
opac^u^ toatter, it could hot be seen, #ith Ba<di eyes ad ound, 
ttom such 8t distance. This is known by the fajct, that these 
stars appear no larger to us, even when our eight is asmtod 
by the best telescopes, when the otirth is in that part of her 
brbit nearest them, than when at the greatest distance, or in 
the opposite part of her orbit. The approadh, Uierefore, of 
190 millions of miles towards the fixed stairs, is so snmll a 
pnit of their whole ihstance from us, that k makes no per- 
^ptible diffierenoe in their appearance. Now if the eaith 
does not turn on her axis once in 24 hours, these fixed stars 
iBust revolve around the earth at this ama±mg distance doce 
in 24 hours; If the sun passes aroupd the eai^, in 24 hours, 
iie must travel at the* rate' of nearly 400,000 xnileain a minute ; 
but the fixed Stars are at least 400,000 times as far beyond 
the4Bun, as the sun is from us^ and therefore, if thoy revolve 
around the eaith, must go at the rate of 400,000 times 400,. 
000 miles, that is, at the rate of 160,000,000,000, or 160 bil- 
lions of miles in a minute ; ti velocity of which w6 can have 
no more conception, than of infinity, or eternity. 

In respeet td the analogy t6 be drawn from the known r^vo. 
lutioni§ afihti other planets, and the different lengths of days 
imd nights aihong tbefti, it is sufficient to state, that to the in- 
habitants df #upiter,the heavens appear to make a revolution 
hi about 10 ftburs, while to those of Venus, they afupear 'to 
revolve once ib ifc3 hcKirs, and to the inhabitants of the other 
i^lanets a similar differen<se seehis W tftke place, depend- 
tng on the periods of their diurnal revolutions. No^ 
there is no more reason to suppose thiit the heavens revolve 

Wers thfi earth*8 orbit a sohd mass, could itbti teeuby us, at thodit- 
taoco of the fixed stars ? B^i^pdse the earth sttiod still, how fast m^t 
the suD move to go round it in 24 tiobrs ? At what rate must the fixed 
stars move to go round the earth in ^ hours ? If the heavens appear 
to revolve every 10 hours at Jupiter, aind eibtf 24 hours at the earth, 
how can this difference be accounted fbr, if fhey rev<^v« at all ? h 
there any more reason toi believe that the sun' revolves round the earth, 
thaa nmnd any of the other planets ? 
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round us, than there is to suppose that they revolve around 
any of the other planets, since the same apparent revolution 
is common to them all, and as we know that the other planets, 
at least many of. them» turn on their axes, and as all the phe- 
nomena presented by the earth, can be accouated for by such 
a revolution, it is folly to conclude otherwise. 

Circles and Dwmons ^f ike Earth* 
It will be necessary for the pupil to retain in his memory 
th§ names and directions' of the following lines, or eircles, by 
iHchich the earth is divided into parts. These lines, it must 
be understood, are entirely imaginary, there being no such 
divisions marked by nature on the earth's surface. They are 
however, so necessary, that no accurate description of the 
earth, or of its position with respect t6 the heavenly bodies, 
isbn be conveyed without therj^. 

Fig. 194. The earth, whose 

diameter is 7912 miles, 
is represented by the 
globe, or sphere, fig. 
194. The straight line 
passing thro' its centre, 
and about which it 
tutms, fs called its ama^ 
X) and the two extremities 
of the axis are the poZe9 
of the earth, A being 
^H the north pole, and B 
the e^uth pole. The 
lin^ ^ D, crossing the 
axis, passes quite rouad 
the earth, a^d divides 
it into two equal parts. 
This is called the igtdnociiid Ztne, or the equator. That part 
of the earth, situated north of this line, is called the northern 
hemisphere, and that part south of it, the southern hemisphere. 
The small circles E F, and G H, surrounding,' or including 
the poles, are called the pdar circles. That surrounding the 
north pole is called the dfitie circle, and that surrounding the 

How cfLD all thtf phenomena of the heavens be accounted for, if they 
do not revolTe ? 'What is the ^is of the earth f What are the polee 
of the earth? What is the equator? Where are. the northern and 
southern hemispheres'? What are the polar ciMes ? 

20* 
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south, the antarctic cirde, Betv^Qen these circle k, there ia, 
OQ each side of the' equator another circle, which iriark'^ the 
extent of the tropics towards the north and south, ftom tb4 
. equator. Tiiat to the north of the equator, I K, is called the 
tropic of C'ancerj and that to th6 south, L M, thei ti-dpic of 
Capricorn, The circle L K, eit^nding obliquely across the 
two tropics, aiid crossing the axis of the earth, and the equa* 
tor at their point of intj9rsection, is called the ecliptic. This 
circle, as already explained^ belongs rather to the beaVens 
than the earth, being an imaginary extension of the plane of 
the earth's orbit, in every direction towards the stars. The 
line. in the fi^re, shows the comparative position, or direction 
of iUe ediptic in respect to the equator, and the axis of the 
earth. 

The lines crossing those already described, and meeting at 
the poles of the earth, are called meridian lines, or niid-day 
lines, for when the sun is on the meridian of a place, it is 
the middle of the day, at that place, and as these lines extend 
firom north to south, the sun shines on the whole length of 
each, at the same time, so that it is 12 o'clocl^ at the same 
time,' on every place situated on the same meridian. 

The spaces on the earth; between the lines extending from 
east to west are called zones. That which lies between the 
tropics, from M to K, and from I to L, is called the torrid zone, 
because it comprehends the hottest portion of the earth. The 
spaces which e^Ltend jfrom the tropics, north and south to the 
polar circles, are galled temperate zones, because the climates 
are temperate,, and neither scorched with the heat, like the 
tropics, nor chilled with the cold, Uke the frigid zones. That 
lying north of the tropic of Cancer, is called the north tempe- 
rate zone, and that south of the tropic of Capricorn, the soiuh 
temperaJte zone. The spaces included within the polar circles, 
are called i\ie frigid zones. . THe lilies which divide the globe 
into two equal parts, are called the ^eotctrr/e^; these are the 
ecliptic and the equator. Those dividing the earth into small, 
er parts ar^ cdled the lesser c»-c2e«; these are the lines divi- 
ding the tropics from the temperate zones, and the temperate 
iK>nes from the frigid zones, dec. 

r .t^liich is the arctic, and which the antarctic circle? Where is the 
tropic of Cancer, and where the tropic of Capricorn f .What is the 
^chptic ? What a^e thp meridian lines ? On what part of, the earth is 
the torrid zone ? How are the n^th and south temperate zones bound- 
ed ? Where are the frigid zones ? Which are the great, and which the 
lesser circles of the earUi f v 
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The' ecliptic, A; we IJave already seen, is divided into 360 
equal parts, called degrees. All circles, however large, or 
smiali, are divided into degrees, minutes, and seconds, in the 
saihe manner as the ecliptic. 

The horizon is distinguished into the senHble and rational. 
The sensible horizon is that portion of the surface of the 
earth which bounds our vision, or the circle around us, where 
the sky seem^ to meet thci earth. When the sun rises, he 
appears abov^ the sensible horizon, and when he sets, he siniti^ 
below it. . The rational hoHzonis an imaginary line passing 
through the centf'b of the earth, and dividing it into tWo equal 
parts. 

The axis of the ecliptic is aii hnaginary line passing through 
its centre and perpendicular t6 its plane. The extremities off 
this perpendicular line, are called the poles of the eClijftic. 

If the ecli[itic, or great plane of the earth's orb?t be co'il- 
sidered on the horizon,, or parallel with it; and the line of the 
earth's axis be incilitied to the axis of this plane, or the axis 6'f 
the eeliptic, at an ailgle of 23} degrees, it will represent the 
relative positions of the orbit, and the titia of the* earth; 
These positions are however, merely relative, for if the posi- 
tion of the earth's axis be represented perpendicular to the 
equator, as A B, fig. 194, then the ecliptic will cross this plane 
obliquely^ as in that figure. But when the garth's orbit is 
considered as having no inclination, its axis, of course, will 
have an inclination to the axis of the ecliptic, of 23} degrees. 

As the orbits of all the other planets are inclined to the 
ecliptic, perhaps it is fbe most natural and convenient method 
to consider this as a horizontal plane, with! the equator inclin-. 
ed to it, instead of considering the equator oh the plane of 
the horizon as is sometimes done. 

The inclination of the earth's axis to the axis of its orbit, 
never varies, but always makes an angle with it of 23} de- 
grees, as it moves round the sun. The axis of the earth is 
Sierefore always parallel with itself. That is, if a line be 
drawn through! |he centre of the ^arth, in the direction o^f its 
axis, and extended north and south, beyond the earth's diame- 

How are circles divided f, How is the sensible .horizon distinguished 
fh>m the rational f, Wiiat is the axis of the eclip'tic ? What are the^ 
poles of the ecliptic ? How many degrees is the axis of the earth in- 
clined to that of the ecliptic ? What is said concerning the relative po- 
sitions of the earth's axis and the plane of the ecliptic f Are the orbits' 
of the other planets parallel to the earth's orbit, or inclined to it? What' 
is meant by the earth's axis being parallel to itself f 
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ier^ the line do produced will always be palf allel to the aome 
line, or aay number of linesj so drawn when the i&ixih is in 
different parts of its orbit. 

Suppose a rod to be fixed into the flat surface of ^ t^ble, and 
sd inclined as to make an angl^ with a perpendicular from the 
table of 23^ degrees. Let this rod represent the axis, of the 
earth, and the surface of the table, the ecliptic. Now [^ace on 
th^ table a lamp, and round the lamp hold a wire circle, three or 
{oui feet in diameter, so that it shall be parallel with the plane 
of the table, and as high above it as the flame of the lamp. 
Having prepared a small terrestrial globe, oy passing a wife 
through it for an axis, and letting it project a few inches each 
way, for the poles, take hold of the north pole, and caxry it 
round the circle, with thepoles constantly parallel to the i;od 
tising above the table. The rod being indined 23^ degrees 
from a perpen<Jlcular, the poles aold axis will be inclined in 
the same degree, and thfjd the axis of the earth will b^ inclineii 
to that of the ecliptic every where in ithe same deg^ree, and 
lines drawn in the direction of the earth's axis will 1^ parallel 
t6 each other id any part of its orbit. 
Fig. 196. 




This will be understood by fig. 19^, where it will l^e seen, 

^ How does it appear by fig. 19fi, that the a^is of ike oarth is pe:rallel 
to itaelffin aU parts of its orbit? {low are :the anniial and diumal re- 
YolutioBS of Ihii earth il&utrated hj fig. 196 ? 
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ihat the ftoles of the' earth, i&the several positions of A, B, C, 
and D, being eqirally inditied, are parallel to each other. 
Supposing the latrip to represent the sun, and the wire circle 
the earth's orbit, the actual position of the earth during its 
annual revolution around the sun, will be comprehended ; and 
if the globe be turned on its axis, while passing round the 
lamp, the diurnal or daily revolution of the eafth will alsb be 
represented. 

Da^ <md Night. 
Were the dire^etion of the earth's axis perpendicular to the^ 
plane of its o^bit, the days and nights would be of equal lengtik 
all the year,' for then just one hs§f of the earth, from pole to 
pole, would b^ enlightened, and at the s^me time thh other 
half would be in darkness. 

Fig.' 196. 





Suppose the line s o, fig. 196, from the sun to the earth, to' 
be in the plane of the earth's orbit, and that n «, is the axis of 
the earth perpendicular to it, then it is obvious, thAt exacthr 
the same points on the earth ^ould cc^stantly pass through 
the alternate vicissitodes of day and ni^ht ; for all who live on 
the meridian line between n and «, which line crosses the 
equator at o, would see the sun at the same titae, and conse- 
quently, as the earth revolves, wdhld pass into the dark hemi- 
sphere at the same time. Hence in all parts of the globe,, the 
days and nights would bid of equal length, at any given place; 

Now it is the inclination of the earth's axi^r, as above de- 
scribed, which causes the lengths of the dayisf and nights to^ 
differ at the same place at different seasons of the year, for on 
reviewing the position of the globe at A, fig. 195, it will be 
observed, that the line formed by the enlightened, and dark 

Explain by fig. 196, why tfa^ days and nights would every where be 
equal, were the ajds of the earth perpendicular to the plane of his orbit. 
What is the cause of the unequal lengths of th« days and nights in dif> 
ferent parts of the world ? 
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in a straight line, so that in obedience to the two imptildes/it 
•again describes Uie curve to o. 

It must be remembered, in order to account for the circular 
motions of the planets, that the attractive force of the sun is 
not exerted at once, or by a single impulse, asis^the<:ase with 
the cross forces, producing a straight line, but that this force 
is imparted by degrees and is constant. It therefore acts 
equally on the earth, in all parts of the -course from a to c2, 
and from d to o. From o, the earth having the same impulses 
as before, it moves in the same curved, or circular direction, 
and thus its motion is continued perpetually. 

The tendency of the earth to move forward in a 'straight 
line, is called its centrifugal force, and the attraction of the 
'sun, by which it is drawn downwards, or towards a centre, is 
called its tetUripeUd force j and it is by these two forces that 
the planets are made to perform their constant revolutions 
^around the sun. 

In the above explanation, it has been supposed that the 
sun's attraction, which constitutes the earth's gravity, was at 
all times equal, or that the earth was -at an equal distance from 
the sun, in all parts of its orbit. But as heretofore explained, 
the orbits of allthe_planets areelliptical, the sun being placed 

in the lower focus of the 
ellipse. The sun's attrac 
tidn is therefore stronger 
in some parts of their or- 
bits than in others, and for 
this reason, their velocities 
are greater at some periods 
of their revolutions, thaa 
at others. 

To make this under- 
stood, suppose, as before, 
that the centrifugal and 
centripetal forces so bal- 
ance each other, that the 
earth moves round the cir- 



What is the projectile fbrpe of the earth called ? What is the at- 
•tractive force of the aan, which draws the earth towards him called ? 
Explain fif. 192, and show the reason why the velocity is incr«ased 
from c to 3, and why it is not retarded from 4 to^^. 




<eiilaf orbit a ^ by iig* 102, until it comes t^ the poiute ; and 

at tlu0 point, let us suppose, that the gravitating force is too 

^9troB|^ for tlie force of pi ojectiojci, so that the earth, instead of 

oontipuing its former direction towards &, is attracted by the 

si|n «, in the curye e c* When at c, the line of the earth's 

projectile force, i^tead of ten^ng to carry it farther from the 

sun, a9 would b^ the case, were it revolving in a circular or. 

bit, now tends to draw it still nearer to him, so that at thi^ 

point, it is impelled by both forces towards the sun. From c, 

therefore, the force of gravity increasing in prc^ortion as the 

/square of the distance between the sun and earth diminishes, 

the velocity of the earth will be uniformly accelerated, until 

it arrives at the point nearest the sun, d. At this part of its 

orbit, the e^rth yriW have gained, by its increased velocity^ so 

much centrj^fugal force, as to give it a tendency to overcome 

the sun's attraction, vand to fly off in the line d o. But the 

sun's attraction being also increased by the near approach of 

the oarth, the earth is retained in its orbit, notwithstanding 

its increased centrifugal force, and it thexefore passes through 

the opposite part of its orbit,* from d to g^ at the same distance 

front him that it approached. As the earth passes from the 

sun, the force of gravity tends continually to retard its motion^ 

ap it did to incirease it while approciching him. But the velocity 

it had acquired in approaching the sun, gives it the same rate 

of motion from d to g, that it had from c to ^2. From g, the 

earth's motion is unil^nnly retarded, until it again arrives at e, 

the point from whic^ it commenced, and from whence it de- 

scribes the same orbit, by virtue of the same forces, as before. 

The earth, therefore, in its journey round the sun moves at 

very unequal velocities, sometimes being retarded, and then 

again accelerated by the sun's attraction. 

It is an iqteresting circumstance, respecting the motions of 
the plfinets, that if the contents of their orbits be divided into 
unequal triangles, the acute angles of which centre at the sun, 
with the line of the orbit for their bases, the centre of the 
planet will pass through each of these bases in equal times. 

This will be ^pderstood by fig. 198, the elliptical circle be- 
ing supposed to be the earth's orbit, with the sun, Sy in one of 
the foci. 

Now the spaces 1, 2, 3, &c. though of different shapes are 
of the same dimensions, or contain the same quantity of sur- 

What is^nieMt by a plfuiet^s passing ^rough equal spaces in equal 
.times? 
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face, l^e «arth, we hai» 
already seen, in its journey 
round the sun, describes an 
ellipse, and moves more ra- 
pidly in one part of its orbit 
than in another. But what- 
ever may be its .actual velo- 
city, its comparative motion 
is through equal ^areas in 
k equal times. Thus its cen- 
tre passes from E to C, and 
from B to A, in the same pe- 
riod of time, and so of all 
the other ^divisions marked 
in the figure. If the figure, 
therefore, be considered the 
planf) of the earth's orbits 
divided in 12 equal areas, 
answering to the 12 months of the year, the earth will pass 
through the same areas in every month, hut the spaces through 
which it passes will be increased, during every month, for one 
half the year, and diminished, during every month, for the 
other half. 

The reason why the planets, when they approach near the 
sun do not fall to him, in consequence of bis increased attrac 
tion, and why they do not fly off into open space, when they 
recede to the greatest distance from him, may be thus explain, 
ed. 

Taking the earth as an example, we have shown, that when 
in the part of her orbit nearest the sun, her velocity is greatly 
increased by his attraction, and that consequently the earth's 
centrifugal forqe is increased in proportion. As an ilhistra- 
tton of this, we Knowl: hat a thread which will sustain an 
Qunce4)all when whirled round in the air, at the rate of 50 
revolutions in a minute, would be broken, were these revolu- 
tions increased <to the number of 60 or 70 in a minute, and 
that the ball would then fly off in a straight line. This shows 
that when the motion of a revolving body is increased, its cen- 

How is it shown, that if the motion of a revolving body is increased, 
its projectile force is alsoincre^ed^ By what force is. tiie earth's ve- 
locity increased, as it approaches the sun ? When the earth is nearest 
the sun, why does it not fajl ^ to hixn ? When the earth's centrifugal 
, force is greatest, i/^^hat prevents its flying to the sun ? 
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trifugal fcftoff is also ioereased. Now the Velocity of the 
e£Uth increases in an inverse proportion, as its distance from 
the sun diminishes, and in proportion to the increase of veloci- 
ty is its centrifugal force increased p so th&t> in any other part 
of its orbit, except when nearest the sun; tMs increase of 
velocity would carry the earth away from it^ centre of attrac- 
tion. But this increase of the earth's Velocity is caused by 
its near approach to the sun, and consequently the sun's al^ 
traction is increased, as well as the earth's velocity. In other 
terms, when the centrifugal force is increased, the centripetal 
force is increased in propoftion, and thus while the centrifu- 
gal forcjs prevents the earth from falling to the sun, the cen^' 
tripetal force prevents <t fronl moving off in a straight line« 

When the earth is in that part of its orbit most distant from^ 
the sun, its projecftile velocity^ being retarded by the counter 
fixrce of the sun's attraction, becomes gveatly diminished, and 
then the centripetal force becomes stronger than the centrifu- 
gal, and the earth is again brought back by the dun's attrac- 
tion, as before, and in this manner its motion goes on without 
ceasing. It is supposed, as the planets move through spaces 
void of raflifltance, that their centrifugal forces remain the 
same as when they first emanated from the band of the Crei^ 
tor, and that this force without the influence of the sun's at- 
traction, would carry them forward into infinite space. 

The Earth. 

, It is almost universally believed, at the present day, that 
the apparent daily motion of the heavenly bodies from, east to 
westj is caused by the real motion of the earth from Weisft to 
east, and yet there are comparatively few wlxo hkve examinea 
the evidence oh which this belief is founded. For this rea- 
son,, we ivill here state the most obvious, and to a common 
observer the most convincing proofs of the eart|i'9 revolution. 
These are, first, the inconceivable velocity .of the hieiaveni^ 
bodies, and particularly the fixed ^taxs around the e^rth, if slie 
stands still. Second, the fact, that all astronomers of the 
present age agrees that every phenomenoti which the heavens 
present, can be best accounted for, by supposing the earth to 
Irevolve. Third, the analogy to be drawn from many of the 
other planets, which are known to revolve o'n their axes ; and 
fourth, the difierent lengths of days and nights at the difierent 

What are the most obvioa§ and ciDinyi&lcilig [irooft th&t thd earth re- 
tolvesonitsajds? 
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the earth is in any point of its, orbit, the sun will always seem 
in the opposite pointvin the heavens. When the earth moves 
one degree to the west, the l^un seems to move the same dis- 
tance to the east ; and when the earth has completed one re- 
volution in its orbit, the sun appears to have completed a, re- 
volution through the heavens. Hence, it follows, that the 
ecliptic, or the apparent path of the sun through the heavens, 
is the real path of the earth around the sun. 

It will be observed by a careful perusal of the above expla- 
nation of the seasons, and a close inspection of the figure by 
which it is illustrated, that the siin constantly shines on a 
portion of the earth equal to 90 degrees north, and 90 degrees 
south from his place in the. heavens, and consequently, that 
he always enlightens 180 degrees, or one half of the earth. 
If, therefore, the axis of the earth were perpendicular to the 
plane of its orbit, the days and nights would every whe^-e be 
equal, for a^ the earth performs its diurnal revolutions,^ there 
would be 12 hours day, and 12 hours night. But since the 
inclination of its axis is 23^ degrees, the light of the sun is 
thrown 23i degrees beyond the north pole ; that is, it enlight- 
ens the earth 23j degrees further in that direction, when the 
north pole is turned towards the sun, than it would, had the 
earth's axis no inclination. Now, as the sgn's light reaches 
only 90 degrees north or south of his place in the heavens, so 
when the arctic circle is enlightened, the antarctic circle 
must be in the dark ; for if the light reaches 23.J degrees be- 
yond the north pole, it must fall 23^ degrees short of the south 
pole. 

As the earth travels round the sun, in his yearly circuit, 
this inclination of the poles, is alternately towards, and from 
him. During our winter, the north polar region is thrown 
beyond the rays of the sun, while a corresponding portion 
around the south pole enjoys the sun's light. And thus at 
the poles there are alternately six months of darkness and win- 
tor, and six months of sunshine and summer. While we, in 
the northern hemisphere, are chilled by the cold blasts of 
winter, the inhabitants of the southern hemisphere are enjoy- 
ing all the delights of summer ; and while we are scorched 

Had the earth's axis no inclination, why would the days and nights 
always be equal ? How many degrees does the sun's light reach, north 
and south of him, on the earth ? During our winter, is the north pole 
turned to, or from the sun ? At the poles, how many days and niehte 
are there in the year ? When it is winter in the northern hemisphere, 
what is the season in it^e southern hemisphere ? 
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by the rayS of a vertical sun in June and July, our southern 
neighbours are shivering with the rigours of mid- winter. 

At the equator, no such changes take place. The rays of 
the sun, as the earth passes around him, are vertical twice a 
year at every place between the tropics. Hence at the equa- 
tor, there are two summers and no winter^ and as the sun 
there constantly shines on the same half of the earth in suc- 
cession, the days and nights are always equal, there being 12 
hours of light, and 12 of darkness. 

Motion of the Earth, The motion of the earth round the 
sun, is at the rate of 68,000 miles in an hour, while its motion 
on its own axis, at the equator, is at the rate of about 1042 
miles in the hour. The equator, being that part of the earth 
most distant from its axis, the motion there, is more rapid 
than towards the poles, in proportion to its greater distance 
from the axis of motion. 

The method of ascertaining the velocity of the earth's mo- 
tion, both in its orbit and round its axis, is simple, and easily 
understood ; for by knowing the diameter of the earth's or- 
bit, its circumference is readily found, and as we know hpw 
long it takes the earth to perform her yearly circuit, we have 
only to calculate what part of her journey she goes through in 
an hour. By the same principle, the hourly rotation of the 
earth is as readily ascertained. 

We are insensible of these motions, because not only the 
earth, but the atmosphere, and all terrestrial things, partake of 
the same motion, and there is no change in the relation of 
objects, in consequence of it. If we look out at the window 
of a steam-boat, when it is in motion, the boat will seem to 
stand still, while the trees and rocks on the shore apipear to 
pass rapidly b^ us. This deception arises from our not hav- 
ing any object with which to compare this motion, when shut 
up in the boat ; for then every object keeps the same relative 
position. And so, in respect to the motion of the earth, having 
nothing with which to compare its movement, except the hea- 
venly bodies, when the earth moves in one direction, these 
objects appear to move in the contrary direction. 

Causes of the Heat and Cold of the Seasons. 
We have seen that the earth revolves round the sun in an 

At what rate does the earth move around the son t How fast does it 
move around its axis at the equator? How is the velocity of the earth ^ 
ascertained ? Why are we insensible of the earth's motion f 
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dliptical orbit, of which the sun is one of the foci, mod conse- 
qucDtly, that the earth is nearer him, id one part of her oriut 
than in another. From the great difference we experieBce 
between the heat of sanmier and that of winter, we should be 
led to suppose that^he earth must be much nearer the sun in 
the hot season, than in thte cold. But when we come to in- 
qtlire into this subject, and to ascertain the distance of the 
sun at different seasons of the year, we find that the great 
source of heat and light, is nearest us during the cold of win- 
ter, and at the greatest distance during the heat ci summer. 
it has been explained, under the article Optics^ that the 
angle of vision depends on the distance at which a body of 

S'ven dimensions is seen. Now on measurk^ the angular 
mansion of the sun, with accurate instruments, at different 
seasons of the year, it has been ifound that his dimensions 
increase and diminish, and that ihe06 variations correspond 
exactly with the supposition, that the earth moves in an ellip- 
tical orbit. If, for instance, his apparent diameter be taken 
in March, and then again in July, it will be found to have 
diminished, which diminution is only to be aeeo«mted for, by 
supposing that he is at a greater distance from the observer in 
July than in March. From July, his angular diameter gn^ 
dually increases, till January, when it again diminishes, and 
continues to diminish, until July. By many observations, it 
is found, that the greatest apparent diameter, of the sun, and 
^erefore his least distance from us, is in Janaaryi ^md his 
least diameter, and therefore his greatest distance, is in July. 
The actual difference is about three millions of miles, the 
sun being that distance further from the earth in July than in 
January. This however, is only about one sixtieth of his 
mean distance from us, and the difference we should expeii- 
ence in his heat, in consequence of this difference of distance, 
will therefore be very small. Perhaps the effect of his proxi- 
mity to the earth, may diminish, in some small degree, the 
severity of winter. 
The heat of summer, and the cold of winter, must therefore 

At what seaion of the year is the sun at the grreatest, and at what 
ieafon the leaat distance, from the earth f How is it asoertained that 
the earth moves in an elliptical orbit, by the appearance of the son? 
When does the son appear tinder the greatest apparent diameter, and 
when under the least? How much farther is the sun from us in July, 
than in January ? What effect does this difference produce on the 
earth? How is the heat of summer, and the cold of winter aocountsd 
for? 
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arise from the difiereDoe in tbe meridian altitudes of the sun, 
and in the time of his continuance above the horizon. In 
summer, the solar rays fall 6n the earth, in nearly a perpen- 
dicular direction, and his powerful heat is then constantly ac 
cumulated by the long days and short nights of the season. 
In winter, on the contrary^ the solar rays fall so obliquely on 
the earth, as to produce little warmth, and the small effect they 
do produce during the short, days of that eeason,ns almost en- 
tirely destroyed by the long nights which succeed. The dif- 
ference between the effects of perpendicular and oblique rays, 
seems to depend, in a great measure, on the different extent 
of surface over which they are 'spread. When the rays of 
the sun are made to pass through a convex lens, the heat is 
increased, because the number of rays which naturally cov- 
ered a large surface, are then made to cover a smaller one, 
so that the power of the glass depends on the number of rays 
thus brought to a focus. If, on the contrary, the rays of the 
sun are suffered to pass through a concave lens, their natural 
heating power is diminished, because they are dispersed, or 
spread over a wider surface than before. 

Now, to apply these different effects to the summer and 
winter rays of the sun, let us suppose that the rays falling 
perpendicularly on a given extent of surface, impart to it a 
Eig. 199. certain degree of heatj 

then it is obvious, that 
if the saihe number of 
rays be spread over 
twice that extent of sur- 
fa<^e, their heating pow- 
er would be ditninished 
in proportion, and that 
only half the heat would 
be imparted. This is 
the effect produced by 
the sun's rays in the 
winter. They fall so 
obliquely on the earth, 
as to occupy nearly dou- 
ble the space that the 
same number of rays do in the summer. 

Why do the perpendicular rays of euirimer produce greater effects 
than the oblique rays of winter ? How is this illustrated by the convex 
and concave lenses? How is the actual diffeirence of the sununer and 
winter rajs shewn f 
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This i« illostartted by fif . 1M> v^iere the number of ragrs, 
both in winter imd sanmer, «re mtppoeed to be tte same. 
But it will be ob^rved, tbat the winter raya, owing to Aeir 
oblique direction, are i^vread orer neatly twice as mnch sur- 
face as those of summer. 

It may, howerer, be renaaiked, thi^ the hottest season is 
not dually at the exact time of the year, when the sun is most 
vertical, and the days the longest, as is the case towards the 
end ef June, but some time afterwards, as in July and August. 

To account for this, it must be remembered, that when the 
SUB is nearly vertical, the earth accumulates more heat by day 
than it gives out at niglrt, and that this accumulation contin- 
ues to increase after the days begin to shorten, uid conse- 
quently, the greatest elevation of temperature is some time 
after the longest days. For the aam^ reason, the tfaermome* 
tef g^nerally^ indicates the greatest degree of heat at two, or 
three o'clock on each day^ and not at 12 o'clock^ when the 
svn's rays are most powerfiil. 

Figure oj the Earth. 

Astronomers have proved that all the planets, together with 
their satellites, hate the shape of the sphere or globe, and 
hence, by analogy, there was every reason to suppose, that 
the earth would be found of the same shape ; and several 
phenomena tend to prove, beyond all doubt, that this is its 
shape. The figure of the earth is not, however, exactly that 
of a globe, or ball, because its diatneter is about 34 miles less, 
troia pole to pole, than it is at the equator. But that its gen- 
eral figure is that of a sphere, or ball, is proved by many cir- 
cumstances. 

When one is at sea, or standing on the sea sbore, the first 
part of a ship seen at a distance, is its mast. As the vessel 
advances, the mast rised higher and higher above the horizon, 
silid finally the hull, and whole ship become visible. Now, 
were the eattb'^ surface an exact plane, no such appearance 
would take plaice, for we should then see the hull long before 
the mast, or rigging, because it is much the largest object. 

Why is not the hottest season of the year at the period when the 
days are longrest, and the sun most vertical ? What is the general figure 
of the earth ? How much less is the diameter of the earUi at the polei 
than at the equator ? How is the convexity of the earth proved, by the 
approach of a ship at sea? 
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It will be obvious by fig. 200, that were the ship, <t, eleva^ 
ted, so that the hull should be on a horizontal line with the 
eye, the whole ship would be visible instead of the topmast, 
there being no reason, except the convexity of the earth, why 
the whole ship should not be visible at a, as well as at h. 

We know, for the same reason, that in passing over a hill^ 
the tops of the trees are seeii, before we can discover the 
ground on which they stand ; and that when a man approach- 
es from the opposite side of a hill, his head is seen before his 
feet. 

It is a well known fact, also, that navigatbrs have Set out 
from a particular pcfrt, and by saihng continual^y westward, 
have passed around the earth, and again reached the port 
from which they sailed. This could never happen, were the 
earth tfn extended plain, since then the longer the navigator 
sailed in one directicm, the further he would be from home. 

Another proof of the spheroidal form of the earth, is the 
figure of its shadow on the moon, during eclipses, which sha^ 
dow is always bounded by a circular line. 

These circuitistances prove beyond all doubt, that the form' 
of the earth is globular, but that it is not an exact sphere, antj 
that it is depressed, or flattened at the poles^ is shown by tbcf 
dilSerence in the lengths of pendulums vibrating seconds at 
the poles and at the equator. 

Under the article pendulum, it wasshown, that its vibrations 
depend on the attraction of gravitation, and that as the centre of 
the earth is the centre of this attraction, so the nearer this in- 
strument is carried to this point, the stronger will be the at- 
traction, and consequently the more frequent its vibrations. 

From a great number of experiments, it has been found 

Explain fig. 200. What other proofs <xf the globular shape of the 
earth are mentioned ? How is it proved by the vibrations of the pen-' 
diilam, that the terth ia flattened at the' poles f 
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that a pendulum* which vibrates seconds at the equator, has 
its number of vibrations increased, when it is carried towards 
the poles, and as its number of vibrations depends upon its 
length, a clock which kedps accurate time at the equator, must 
have its pendulum lengthened at the poles. And so on the 
contrary, a clock going correctly at, or near the poles, must 
have its pendulum shortened, to keep exact time, at the equa- 
tor. Hence the force of gravity is greatest at th^ poles, and 
least at the equator. 



Fig. 201. 




T^he manner in which the 
figure of the earth differs from 
that of a sphere, is represented 
by fig. 201, where n is the 
north pole, and 8 the south 
pole, the line from one of these 
points to the other^ the axis of 
the earth, and the line crossing 
this the equator. It will be 
seen, by this figure, that the 
surface of the earth, at the 
poles, is nearer its centre, than 
the surface at the equator. 
The actual difference between 
the polar and equatorial diameters is in the proportion of 300 
to SOI, The earth is therefore called an oblate spheroid, the 
word oblate- signifying the reverse of oblong, or shorter in one 
direction than in another. 

The compression of the earth at the poles, and the conse- 
quent accumulation of matter at the equator, is probably the 
efiect of its diurnal revolution, while it was in a soft, or plastic 
state. If a ball of soft clay, or putty, be made to revolve 
rapidly, by means of a stick passed through its centre^ as an 
axis, it will swell out in the middle^ or equator, and be de- 
pressed at the poles, assuming the precise figure of the earth. 
This figure is the natural and obvious consequence of the 
centrifugal force, which operates to throw the matter off, in 
proportion to its distance from the axis of motion, and the 
rapidity with which the ball is made to revolve. The parts 
about the equator would therefore tend to fly off, and leave 

In what proportion is thb polar, less than the equatorial diameter ? 
What is the earth called, in reference to Uiis figure ? How is it sop^ 
posed that it came to have this form ? How is the form of the euih 
illustrated hy experiment ? Explain the reason why a plastic ball will 
swell at the equator, when made to revolve. 
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the other parte, ia coDMqueece of theoentriAigel fokce, while 
those about the poleci, being near the centre of motioo, would 
receive, a much smaller iaipdise* Censequently the ball 
would swell, or bulge out at the equator, which would produce 
a corresponding depression at the poles. 

The weight of a body at the poles is found to be greater 
than at the equator, not only because the poles are nearer 
the centre of the earth than the equator, but because the cen- 
trifugal force there tends to lessen its gravity. The wheels 
of machines, which revolve with the greatest rapidity, are 
made in the strongest manner, otherwise they will fiy in 
pieces, the centrfugal force not only overcoming the gravity, 
but the cohesion of their parts. 

It has been found, by calculation, that if the earth tuened 
over once in 84 minutes and 48 seconds^ the centjcifugal force 
at the equator would be equal to the power of gravity there, 
and that bodies woidd entirely lose their weight. U the 
earth revolved more rapidly than this, all the builtSngs, rocks, 
mountains, and men, at the equator, would not only lose their 
weight, baU would fly away, aiatd leave the eardi. 

Solar and Siderial Time. 

The stars appear to go round the earth in 23 hours, 56 
minutes, and 4 seconds, while the sun appears to perform the 
same revolution in 24 hours, so that the stars gain 3 minutes 
and 56 seconds upon the sun eVery day. In a year, this 
amounts to a day, or to the time taken by the earth to per. 
form one diurnal revolution. It therefore happens, that when 
time is measured by the stars, there are 366 days in the year, 
or 366 diurnal revolutions of the earth, while, if measured 
by the sun from one meridian to another, there are only 365 
whole days in the year. The foriper are called the siderial 
and the latter the sclar days. 

To account for this difference, we must remember that the 
earth, while she performs her daily revolutions, is constantly 
advancing in her orbit, and that, therefore, at 12 o'clock to* 
day, she is not precisely at the same place in respect to the 

What two causes render the weights of bodies less at tlie equator than 
at the poles? What would be the consequence on the weights of bo- • 
dies at the equator, did the earth turn over once in 84 minutes and 43 
seconds ? The stars appear to move lound the earth in less time^ than 
the sun, what doee the difference amount to in a year ^ What ia the 
year measured by % star called ? What is that measored by ihh son 
called > 
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sun, that she was at 12 o'clock yesterday, or will be to-inor. 
row. But the fixed stars are at such an ama7ing distance 
from us, that the earth's orlnt, in respect to them, is but a 
point ; an'd therefore) an the earth^s diurnal motion is perfectly, 
uniform, she revolves from any given star to the same star 
again, in exactly the same period of absolute time. Th6 orbit 
of the earth, were it a sit^lid maJss, instead of an imaginary 
circle, would have no appreciable length or breadth, when 
seen from a fixed star, and therefore, whether the earth per- 
formed her diurnal revolutions at a parti^^ular station, or while 
passing round in her orbit, would make no appreciable differ: 
ence with respect to the star. Hence the same star, at every 
complete daily revolution of the earth, appears precis^ely in 
the same direction at all seasons of the year. The moon, for 
instance, would appear at exactly the same point, to a persA>n 
^^ho walks round a circle of a hundred- yards in diameter, 
and for the same reason a star appears in the same direction 
from all parts of the earth's orbit, though 190 millions of miles 
in diameter. 

If the earth had only a diumal motion, her revolutioa, %) 
respect to the sun, would coincide exactly with the same 
revolution in respect to the stars, but while she is making one 
revolution on her axis towards the east, she advances in the 
same direction about one degree in her orbit, "so that to bring 
the same meridian towards the sun, she must make a little 
more than one entire revolution. 

Fi^. 202. 




How is the difference in time between the solar, and siderial year ac. 
counted for? The earth's orbit is but a point, in ivivrence to a t^MT; 
how is this illustrated ? 



Tamake this plain, suppose the sun, s^ fig. 202, to be ex- 
actly on a meridian line marked at e, on the earth ^, oii a 
given day. On the next day, the earth, instead of being at A, 
as on the day before, advances in its orbit to B, and in the 
mean tjpe having completed her revolution, in respect to a 
star, the same meridian line is not brought under the sun, as 
on the day before, but falls short of it as at e, so that the earth 
has to perform more than a revolution, by the distance from e 
to o, in order to bring the same meridian again under the suii. 
So on the next day, when the earth is at C, she must again > 
complete more than two revolutions, since leaving A, by the 
space from e to o, before it will again be noon at e. 

Thus, it is obvious, that the earth must complete one revo- 
lution, and a portion of a second revolution, equal to the space 
she has advanced in her orbit, in order to bring the same me- 
ridian back again to the sun. Thi» small portion of a second 
revolution amounts daily to the d66th part of her circumfer- 
ence, and therefore, at the end of the year, to one entire rota- 
tion, and hence in 365 days, the earth actually turns on her 
axis 366 times. Thus, as one complete rotation forms a si- 
derial day, there must, in the year, be one siderial, more than 
there are solar days, one rotation of the earth, with respect to 
the sun being lost, by the earth's yearly revolution. The same 
loss of a day, happens to a traveller, who, in passing round 
the earth towards the west, reckons his time by the rising and 
setting of the sun. If he passes around towards the east, he 
will gain a day for the same reason. 

Equatum of Time, 

As the motion of the earth about its axis is perfectly uni- 
form, the siderial days, as we have already seen, are exactly of 
the same length, in all parts of the year. But as the orbit of 
the earth, or the apparent path of the sun, is inclined to the 
earth's axis, and as the earth moves with different velocities 
in different parts of its orbit, the solar, or natural days, are 
somtimes greater and sometimes less than 24 hours, as shown 

Had the earth only a diurnal revolution, would the mderial and solar 
time agree ? Show by fig. 202, how siderial, differs from solar time. 
Why does not the earth tarn the same meridian to the sun at tlie same 
time every day ? How many times does the earth turn on her axis in 
a year ? Why does she turn more times than there are days in the 
year ? Why are the solar days sometimes giteater, and sometimes less 
than 24 hours ? 
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hy EQ accurate clock. The cenaequeQce is, that a tme sun 
dial, or noon mark, and a true time piece, agree with each 
other, only a few times in a year. ' The diflerence between 
the sun dial and clock, thus shown, is called the eqaoHon oj 
time. 

The difierence between the sun and a well regulated clock, 
thus arises from two causes, the inclination of the earth's axis 
to the ecliptic, and the elliptical form of the earth's orbit 

That the earth moves in an ellipse, and that its motion is 
more rapid sometimes than at others, as well as that the earth's 
axis is inclined to the ecliptic, have already been explained, 
and illustrated. It remains, therefore, to show how these 
two combined causes, the elliptical form of the orbit, and the 
inclination of the axis, produce the disagreement between the 
sun and clock. In this explanation, we must consider the 
sun as moving around the ediptic, while the earth revolves on 
her axis. 

Eqwdy or mean time, is that which is reckoned by a clock, 
supposed to indicate exactly 24 hours, from 12 o'clock, on 
one day, to 12 o'clock on the next day. A^ppareat time, it 
that, which is measured by the apparent motion of the sun in 
the heavens, as indicated by a meridian line, or sun dial. 

Were the earth's orbit a perfect circle, fig. 196, and her 
axis perpendicular to the plane of this orbit, the days would 
be of uniform length, and there would be no difference be- 
tween the clock and the sun ; both would indicate 12 o'clock 
at the same time, on every day in the year. But on account 
of the inclination of the earth's axis to the ecliptic, unequal 
portions of the sun's apparent path through the heavens will 
pass any meridian in equal times. This *may be j^adily ex. 
plained to the pupil, by means of an artificial globe, but per- 
naps it will be understood by the following diagram. 

What is the difference between the time of the sun dial, and a clock 
called } What are the causes of the difference between the sun and 
clock ? In explaining' equation of time, what motion is considered as 
belonging to the sun, and what molion to the earth ? What is equal, 
or mean tima ? What is apparent time ? 
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203, be the concave 
of the heavens, in the 
centre of which is 
the earth. Let the 
line A B, be the 
equator, extending 
through the earth 
and the heavens, and 
let A, a, h C, c, and 
iJRdj be the ecliptic, or 
the apparent path pf 
the sun through the 
heavens. Also, let 
A, 1, 2, 3, 4, 6, be 
equal distances on 
the equator, and A, a, 
b, C, c and d, equal 
portions of the eclip- 
tic, corresponding with A 1, 2, 3, 4, and 5. Now we will sup? 
pose, that there are two suns, namely, a false, and a real one ^ 
that the false one passes through the celestial equator, which 
is only an extension of the earth's equator to the heavens ; 
while the real sun has an apparent revolution through the 
ecliptic ; and that they both start from the point A, at the 
same instant. The fdlse sun is supposed to pass through the 
celestial equator in the same time, that the real one passes 
through the ecliptic, but not through the same meridians 
at the same time, so that th^ false sun arrives at the points 
1, 2, 3,4, and 5, at the time when the real sun arrives at 
the points a, 6, C, and c. When the two suns were at A, 
the starting point, they were both on the sume meridian, 
•but when the fictitious sun comes to 1, and the real s|in to a, 
they are not in the same meridian, but the jeal sun i? west- 
ward of the fictitious one, the real sun being at a, while the 
false sun is on the meridian I, consequently, as the earth 
turns on its axis from west to east, any particular place will 

In fig. 203, which is the celestial equator, and which the ecliptiq ? 
Throagh which of the&e circles doss the false, and through which does 
«ihe true sun pass? When the real sun arrives to a, and the fklse one to 
1, are they botli on the same meridian ? Which b then most westward ? 
When the two suns are at 1 and a, why will any meridian come first 
>.under the real sun? Were the true sun in place of , the false .one, lyhy 
would the sup and cloc^ agree ? 

• 22 
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come imder ^be real sun's meridian, sooner &ttn under the 
fictitious sun's meridian ; that is, it will be 12 o'clock by the 
true sun^ before it is I^ o'clock by the false sun, or by a true 
clock ; but were the true sun in place of the false one, the 
sun and clock would agree. While the true sun is passing 
through that quarter of his orbit, from a to C, and toe ficti- 
tious sun from 1 to 3, it will always be noon tfy the true sun 
before il is noon by the false sun, and during this pericKi, the 
isun will be faster than the clock. 

When the true sun arrives at C, and the false one at 3, they 
are both on the same meridian, and the sun and 'dock agree. 
But while the real sun is passing from C to B, and the false one 
from 3 to B, any meridian comes later under the true sun than 
it does under the false, and then it is noon by the sun afler it 
is noon by the clock, and the sun is then said to he slower than 
the clock. At B, both suns are again on the same meridian, 
and then again the sun and clock agree. 

We have thus followed the real sun through one half of his 
true apparent place in the heavens, and the false one through 
half the celestial equator, and have seen that the two suns, 
since leaving the point A, have been only twice on the same 
meridian at the same time. It has been supposed that the two 
suns passed through equal arcs, in equal times, the real sun 
through the ecliptic, and the false one through the equator. 
The place of the false sun may be considered as representing 
the place where the real sun would he, in case the earth's axis 
had no inclination, and consequently it agrees with the clock 
every 24 hours. But the true sun, as he passes round in the 
ecliptic, comes to the same meridian, sometimes sooner, and 
sometimes later, and in passing around the other half of the 
ecliptic, or in the other half year, the same variations succeed 
each other. 

The two suns are supposed to depart from the point A, on 
Ihe 20th of March, at which time the sun and clock coincide. 
From this time, the sun w faster than the clock, until the two 
suns come together at the point C, which is on the 21st of 
June, when the sun and clock again agree. From this period 
the sun is slower than the clock, until the 23d of September, 

While the suns are passing from A to C, and from 1 to 3, will the 
sun be faster, or slower than the clock? When the two suns are at C, 
and 3, why will the sun and clock agree ? While the real sun is passing 
fiom B to C, which is fastest, the clock, or sun f What doos the place 
of the false sun represeiXt, in fig. 203? 



zn^ faster again until the 21 st of December, at which time' 
they agree as before. 

We have thus seen how the inclination of the earth's ai^is, 
and the consequent obliquity' of the equator to the ecliptic, 
causes the sun and clock to disagree, and on what days they 
would coificide, provided no other cause interfered with their 
agreement. But although the inclination of the earth's axi» 
Would bring the suh ana clock together on the above men- 
tioned days, yet this agreement is counteracted by another 
tause, wluch is the elliptical form of the earth's orbit, and 
though the sun and clock do agree four times in the year, it 
is not on any of the days above mentioned. 

It has been shown by fig. 193, that the earth moves more 
rapidly in one part of its orbit than in anothef. When it itf 
nearest the sun, which is in the winter, its velocity is greater, 
than when it is most remote from him, as iii the summer. 
Were the eartb'a orbit a perfect eiiele, the sun and clock 
woi^d coincide on the days above specified ^ because then the 
only disagreement would arise from the inclination of the 
earth's axis. But since the earth's disjt^ce from the sun is 
constantly changing, h^r rate of velocity also changes, and 
she passes through unequal portions of her orbit in equal 
times. Hence on some days^ she passes through a greater 
portion of it than on others, and thus this becomes another 
cause of the inequality of the sun't^ apparent motion. 

The elliptical form of the earth's orbit would prevent the 
coincidence of the sun and clock at all times, except when 
the earth is at the greatest distance from the @un, which hap- 
pens on the 1st of July, and when she ia at the least distance 
from him, which happens on the lat of January^ As the earth 
moves (aster in the winter than in the summer, from thi9 
cause^the sun would be faster than the clock from the 1st of 
July to the 1st of January, and then slower than the clock 
from the 1st of January to the 1st of July, 

We have now explained, separately, the two causes which 
prevent the coincidence of the sua and clock. By the first 
cause, which is the inclinatiop of the earth's axis, they would 

The inclioation of the earth'A axis wcrold make the ran and eloek 
ftgree in March and the other monthe above named : why then do they 
not actually agree at those times ? Were the earth's orbit a perfect 
circle, on what days would the sun and dock agree ? How does the 
form of the eaith's orbit interfere with the affieement of the sun and 
dock on those days ^ At what times would ue form of the earth's or- 
bit bring the son and clock to agree ? 
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agree four times in the year, and by the second cause, the iri.' 
regularity of the earth's motion, they would coincide only 
twice in the year- 

Now these two causes counteract the edects of each other,- 
so that the sun and clock do not coincide on any of the days, 
when either cause, taken singly, would make an agreement 
between them. The sun and clock, therefore, are together, 
only when the two causes balanoe each other ; that is, when 
one cause so counteracts the other, as to make a mutual 
agreement between them. This effect is produced four times 
in the year ; namely, on the 16th of April, 15th of June, 31st 
of August, and 24th of December. On these days, the sun 
and a clock keeping exact time, coincide, and on no others. 
The greatest difference between the sun and clock, or between 
apparent and mean time^ is. 16 ■ minutes, which takes place 
ahout the 1st of November. 

Precession ef the Equinoxes* 

A tropiccd year is the time it takes the sun to pass from 
bne equinox, or tropic, to the sttae tropic, or equinox again. 

A sideridl year is the time it takes the sun to perform his 
Apparent annual riBVoIution, from a fixed star, to the same fix- 
ed star again. 

Now it has b^en found that these two complete revolutions* 
are not finished in exactly the same time, but that it takes the 
sun about 20 nfiintites longer to complete his apparent revolu- 
tion in tespect to the «tor, than it does in respect to the equi' 
nox, and hence the siderial year is about 20 minutes longer 
than the tropical year. The revolution of the earth from 
equinox to equinox, again, therefore precedes its complete re- 
volution in the ecliptic by about 20 riiinutes, for the absolute 
revolution of the e^rth is Ineiistired by its return to the fiTed 
dtar, and not by the return of the suh to the same equinoctial 
point. This apparent falling back of the equinoctial poiftt, 
so as to make the time when it meets the 6\in precede the time 

The iaclination 6f tliel earth's ails wduld make the stin and clock 
kgree four times in the year, and the form of the earth's orbit would 
make them agree twice in the year, now show the reason why they do 
not agree from these causes, on the above mentioned days, and why they 
4o agree on other days. On what days do the sun and clock agree i 
What is a tropical year ? What is a siderial year? What Is the dif- 
ference in the time which it takes the son to complete hm revolution ia 
respect to a star, and in respect to the equinox? £xplaiawhat is metat 
by the precession of the equinoxes. 
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when the earth makes its complete revolution in respect to the 
star, is called the precessian of the ^uinoxe^* 

The distance which the sun thus gains lipon the fixed star, 
or the difierence between the sun and star, when the sun has 
arrived at the equinoctial point, amounts to 50 seconds of a 
degree, thus making the equiiioctial point recede 50 seconds 
of a degree, (when measured by the signs of the zodiac,) 
westward, every year, contrary to the sun's annual progressive 
motion in the ecliptic. 

Fig. 204. 




To illustrate this by a figure, suppose S, ^g, 204, to be the 
sun, E the earth, and o a fiked star, all in a straight line with 
respect to each other. Lei it be supposed that thi^ opposi- 
tion takes place on the 2ist of' March, at the vernal exquinox, 
and that at that time the earth is exactly between the sun and 
the star. Now when the earth has performed a complete 
revolution aroupd its orbit 6, a, as measured by the star, she 
will arrive at precisely the same point where dhe now is. But 
it is found that when the earth comes to the same equinoctial 
point, the next year, she has not gone her complete revolution 
in respect to the star ; the equinoctial point having fallen back 
with respect to the star, during the year, from ^to e, so that 
the earth, afler having completed her revolution, in respect to 

How many seconds of a degree does the equinox recede every year, 
when the san's place is compared with a star? How does fig. 204, il« 
lustrate the precession of the ^qumoxesf Explain fig. 204, and show 
from what points the equinoxes fall back from year to year; 
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die equinox, has yet to pass the space from e to £, to com- 
plete her revolution in respect to the star. 

The space from eio E being 50 seconds of a degree, ftnd 
ihb equinoctial point falling this space every year short of the 
place where the sun and this point agreed th^ year before, it 
is obvious, that on the next revolution of the ^9tth, the equi- 
nox will not be found at 6, but at t, so that the earth, having 
bompleted her second revolution in f espect to the sun when at 
t, will still have to pass from i to JE7, before she completes as* 
other revolution in respect to the star. 

The precession of the equinoxes, being 50 seconds of a de^ 
gree, every year, contrary to the sun's apparent motion, or 
about 20 minutes in time, short of th6 point where the siin 
and equinoxes coincided die yeai* before^ it follows, that the 
fixed stars, or those in the signs of the zodiac, move forward 
every year 50 seconcis, with respect to the equinoxes. 

In consequence of this precession, in 2160 years, those stars 
which now appear in thb beginning of the sign Aries, for in- 
stance, will then appeaf in the beginning of Taurus, having 
moved forward One whole sign, or 80 degrees, with respect to 
the equinoxes, or the equinoxes having golie backwards 30' 
degrees. With respect to the stars. In 12,960 years, oir 6 times 
2160 years, therefore, the stars will appear to have moved 
forward one half of the whole circle of th^ heavens, so that 
those which now appear in the first degree of the sign Aries, 
Will then be in the opposite j^oint of the zodiac, and thei^fore, 
in the first degree of Libra. And in 12,690 years more, be-, 
cause the equinoxes will have fallen back the other half of 
the circle, the stars will appear to have gone forward, fironi 
Libra to Aries, thus completing the whole circle of the-s^odiac. 
Thus in about 26,000 years the equinox will htivegoQe back- 
Wards a whole revolution around the axis of the ecliptie, and 
the stars will appear to have gone forward the whole circle' 
of the zodiac. 

The discovery of the precession of the equinoxes has thrown 
much light on ancient astronomy and chronology, by showing 
an agreement between ancient and modern observations, con- 
How many minutes^ in time, is the precession of the equinoxes per 
jear? What effect does this precession produce on tiie fixed stars f 
How many years is a star in going fbrward one degree, in i^espect to ihe 
equinoxes ? In how many years wHl the stars appear to have passed 
half around the heavens P In what period will the eartii appear to have 
gone backwards one whole revolution ? In what respect is the prece**' 
sion of the equinoxes an important subject ? 



cehtiiigttie plaeeflf of ttte signs of the zo(tiae,ridt to be f^coii'* 
ciled in any other manner. 

A complete explanation of the cause which occasions the' 
precession of the equinoxes, would require the aid of the most 
abstruse mathematics, and therefore cannot be properly in^ 
troduced heire. The Cause itself, may, however, be stated in 
a few words. 

It has alreadjr been explained, that the revolution of the 
earth round its axis, has caused an excess of matter to b^ 
accumulated at the equator, and hence, that the equatorial, is 
greater than the polar diameter, by 34 mileSk Now the at- 
traction of the sun, and moon, on this accumulated matter at 
the equator^ has the effect of slowly turning the earth about 
the axis of the ecliptic, and thus causiiig the precession of 
the equinoxes* 

The Mom. 

While the earth revolves round the sun, ihe moon revolve? 
round the earth, completing her revolutions once in 2Y days^ 
7 hours, and 43 minutes, and at the distance df 240,000 miles 
from the eai'th. The period of the moon's change, that is, 
from new moon to new moon again^ is 29 days, 12 hours, and 
44 minutes. 

The time of the moon's revolution round the earth is called 
her periodical teonth $ and the time from Change to change 
}a called her tyMdicid month. If the earth had no annual 
motion, these two periods would be equal, but because the 
earth, goes forward in her orbit, while the moon goes round 
the earth the moon must go as much further, from change to 
change, to make these periods equals as the earth goes for* 
ward during that time, which is more than the twelfth part of 
her orbit, there being more than twelve lunar periods in the 
year. 

These two revolutions may be familiarly illustrated by the 
inottons of the hour and mintite hands of a watch. Let us 
suppose the 12 hours marked on the dial plate of a watch to 
represent the 12 signs of the zodiac through which the sun 
seems to pass in his yearly revolution, while tliie hour hand of 

What in the oauee of the precession of Uie equinoxes ? What is the 
ft^riod of the moon's revolution f-ound the earth ? What is tlie ]>eriod 
from new moon to new moon again? What ue these two periods 
ealied ? Why are not ths periodical an^ sykiodical months eqaal f How 
are these two revolutions of the moon illustrated by the two hands of 
tt watch? 
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the watch represents the sun, and the minute hand the moon* 
Then, as the hour hand goes around the dial plate once in 12 
hours, so the sun apparently goes around the zodiac once in 
12 months ; and as the minute hand makes 12 revolutions to 
one of the hour hand, so the moon makes 12 revolutions to 
one of the sun. But the moon, or mimite hand, must go more 
than once round, from any point on the circle, where it last 
came in conjunction with the sun, or hour hand, to overtake 
it again, since the hour hand will have moved forward of the 
place where it was last overtaken^ and consequently the next 
conjunction must be forward of the place where the last hap- 
pened. During an hour, the hour hand describes the twelfth 
part of the circle, but the minute hand has not only to go 
round the whole circle in an hour, but also such a portion of 
It, as the hour hand has moved forward since they last met. 
Thus at 12 o'clock, the hands are in conjunction ; the next 
conjunction is 5 minutes 27 seconds past 1 o'clock ; the next, 
10 min. 64 sec. past II o'clock ; the third, 16 min. 21 sec. 
past III ; the 4th, 21 min. 49 sefc. past IV ; the 5th, 27 min. 
10 sec. past V ; the 6th, 32 min. 43 sec. paat VI ; the 7th, 
38 mim 10 sec. past VII ; the 8th, 43 min. 38 sec. past VIII; 
the 9th, 49 min. 5 sec. past IX ; the 10th, 54 min. 32 sec. 
past X ; and the next conjunction is at XII. 

Now although the moon passes around the earth in 27 days 
7 hours and 43 minutes, yet her change does not take place 
at the end of this period, because her changes are not occa- 
sioned by her revolutions alone, but by her coming periodical- 
ly into the same position in respect to the sun. At her change, 
she is in conjunction with the sun, when she is not 6een al all, 
and at this time, astronomers call it new moon, though gene- 
rally, we say it is new moon two days afterwards, when a 
small part of her face is to be seen. The reason why there 
is not a new moon at the end of 27 days, will be obvious, from 
the motions of the hands of a watch ; for we see that more 
than a revolution of the minute hand is required to bring it 
again in the same position with the hour hand, by about the 
twelfth part of the circle. 

The same principle is true in respect to the moon ; for as 

Mention the time of several conjunctions between the two hands of a 
watch. Why do not the moon's changes takes place at the periods of 
her revolution around the earth ? How much longer does it take the 
moon to come again in conjunction with the sun, than it does to perforor 
her periodical reFolntion ? 
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t&e earth advances in its orbit, it takes the moon 2 days 5 
Aours and 1 minute longer to come again in conjunction with> 
the sun, than it does to make ker monthly revolution round 
the ^arth ; and this 2 days, 5 hours and 1 minute being added 
to 27 days 7 hours and 43 minutes, the time of tho periodical 
revolution, makes 29 days 12 hours and 44 minutes, the 
period of her synodical revolution. 

The moon always presents the same side,, or face, towards' 
the earth, and hence it is evident that she turns on her axis 
t»ut once, while she is performing one revolution round the 
earth, so that the inhabitants of the moon have but one day,, 
and one night, in the course of a lunar month. 

One half of the moon is never in the dark, because when* 
this half is not enlightened by the sun, a strong light is reflect- 
ed to her from the earthy during the sun's absence. The 
other half of the Eboon enjoys alternately two weeks^ of the 
sun's light, and two weeks of tot^l darkness. 

The moon is a globe, Hke our earth, and, like the earth, 
shines only by the light reflected from the sun ; therefore, 
while that half of her which is turned towards the sun is 
enlightened^ the other halff» ih darkness. Did the moon 
shine by her own light, she would be constantly visible to us, 
for then, being an orb, and every part illuminated,^ we should 
see her constantly full and round, as we do the sun. 

One of the most interesting circumstances to ns, respecting 
thb moon, is, the constant changes which sher undei^oes,. in 
her passage around the earth. When she first appears, a day 
or two after her change, we can see only a small portion of her 
enlightened side, which is in the form of a crescent ; and at 
this time she is commonly called new moon. From this peri- 
od, she goes on increasing, or showing more and more of her 
face, every evening, until at last she becomes round, and her 
face fully illuminated.^ She then beginS'Qgain to decrease, by 
apparently losing a small section oi her face, and the next 
evenings another small section from the same part, and so on, 
decreasing a little every day, until she entirely disappears ;. 
and having been absent a day or t^o, re-appears, in the £orm 
of a crescent, or new moon, as before. 

How is it proved th^tthe moon makes but one revolution on her axis^ 
as she passes around the earth ? One half of the moon is never in. the 
dark ; explain why this is so. How long is the day and night at the 
other half? UoW is it shown that the moon shines onfy dj reflected 
liffht? 
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When the moon disappears, she is said to he in conjunction^ 
that is, she is in the same direction from us with the sun^ 
When she is full, she is said to he in opposition, that is, she is 
in that part of the heavens opposite to the sun, aa seen by us. 

The different appearances of the moon, from new? to fully. 
and from full to change, are owing to her presenting different 
portions of her enlightened surface towards us at difierent 
times. These appearances are called the jpAo^e^ of the moon,and 
are easily accounted for, and understood by the following figure. 
Fig. 205. 





Let S, fig. 205, he the sun, E the earth, and A^ JT, C, D, 
E, the moon in different patts of her orhit. Now when the 
moon changes, or is in conjunction with the sun, as at A, her 
dark side is turned towards the earth, and she is invisiWe, as 
represented at a. The sun always shine* on one half of the 
moon, in every direction, as represented at ^4 and By on the 
inner circle ; but we at the earth see only such portions of the 
enlightened half as are turned towards us. After her change, 
when she has moved from A to B, a small part of her illumi- 
nated side comes in sight, aind she appears homed, as at k, and 
is then called the new moon. When she arrives at C, several 
days afterwards, one half of her disc is visible, and she ap- 
pears as at c, her appearance being the same in both circles. 
At this point she is said to be in her first quartefy because she 
h^s passed through a quarter of her orbit^ and is 00 degrees 

When is the moon said to be in conjunction with the mn, and wbea 
in opposition to the sun ? What are the phases of the moon ? Dewriba 
fig* 205, and show how the moon pastes from change to full< and from 
^ttU to diange. 



tfirom tfae place of her conjunction with ^he sun. M Dy she 
shows us still more of her enlightened side, and is then said 
to appearjr^^5oi», as at d. When she comes to JS, her i^hole 
enlightened iside is turned towards the earth, and she appears 
in all the splendor of sl fuU moon. During the other half of 
her revolution, she daily shows less and less of her illuminated 
side, until she again becomes invisible by her conjunction 
with the sun. Thus in passing from her conjunction a, to 
her full, e, the moon appears, every day to increase, while in 
^oing from her full to her conjunction again, she appears to 
us constantly to decrease, but as seen from the sun, she ap. 
pears always full. 

The earth, seen by the inhabitants of the moon, exhibits 
the same phases that the moon does to us, but in a contrary 
order. When the moon is in her conjunction, and conse- 
quently invisible to us, the earth appears full to the people of 
the moon, and when the moon is full to us, the earth is dark 
to them. 

The earth appears thirteen times larger to the lunarians 
than the moon does to us. As the moon always keeps the 
same side towards the earth, and turns on her axis only as she 
moves round the earth, we never see her opposite side. Con- 
sequently, the lunarians who live on the opposite side to us 
never see the earth at all. To those who live on the middle 
of the side next to us, our earth is always visible, and directly 
over head, turning on its axis nearly thirty times as rapidly 
as the moon, for she turns only once in about thirty days. 
A lunar astronomer, who should happen to live directly oppo- 
site to that side of the moon, which is next to us, would have 
to travel a quarter of the circumference of the moon, or about 
1500 miles, to see our earth above the horizon, and if he had 
the curiosity to see such a glorious orb, in its full splendor 
over his head, he must travel 3000 miles. But if his curiosity 
equalled that of terrestrials, he would be amply con^pensated 
by beholding so glorious a nocturnal luminary, a moon thir- 
teen times as lafge as ours. 

That the earth shines upon the moon as she does upon us, 
•is proved by the fact that the outline of her whole disc may 

What is said concerning the phases of the earth, as seen from the 

moon f When does the earth appear full at the moon ? When is the 

earth, in her change, to the people pf the moon? Why do those who 

live on one side of the moon never see ih,e earth ? How is it known 

(that the eartl^ shines ijipou the moon, as the moon dpe£! upon usr^ 
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1)6 seen,, when only a part of it is enlightened by the sun^ 
Thus when the sky is clear, and the moon only two or three 
days old, it is not uncommon to see the brilliant new moon, 
with her horns enlightened by the sun, and at the same time^ 
the old moon faintly illuminated by reflection from (he earth. 
'This phenomenon is sometimes called " the old moon in the 
new moon's arms.*' 

It was a disputed point among former astronomers whether 
the moon has an atmosphere ; but the more recent discoveries 
have decided that she has an atmosphere, though there is 
reason to believe that it is much less dense than ours. 
. When the moon'^ surface is examined through a telescope, 
it is found to be wonderfully divcrsrified, for besides the dark 
spots perceptible to the naked eye, there are seen extensive 
vallies, and long ridges of highly elevated mountains. 

Some of these mountains, according to Dr. Herschel, are 4 
miles high, while hollows more than 3 miles deep, and almost 
lexactly circular, appear excavated on the plains. Astronomers 
have been at vast labor to enumerate, figure, and describe, the 
mountains and spots on the surface of the moon, so that the 
latitude and longitude of about 100 spots have been ascertain- 
ed, and their names, shapes, and relative positions given. A 
still greater number of mountains have been named, and their 
heights and the length of their bases detailed. 

The deep caverns, and 'broken appearance of the moon's 
surface, long since induced astronomers, to believe that such 
effects were produced by volcanoes, and more recent discov- 
eries have seemed to prove that this suggestion was not with- 
out foundation. Dr. Herschel saw with his telescope, what 
appeared to him three volcanoes in the moon, two of which 
were nearly extinct, but the third was in the actual state of 
eruption, throwing out fire, or other luminous matter, in va<t 
^quantities. 

It was formerly believed that several large spots, which ap- 
.peared to have plane surfaces, were seas, or lakes, and that a 
'part of the moon's surface was covered with water, like that 
of our earih. But it has been found, on closely observing 
these spots, when they were in such a position as to reflect 
the sun's light to the earth, had they been water, that no 
such reflection took place. It has also been found, that when 

What is said concerning the moon^s atmosphere ? How high are 
. some of the mountains,, and how deep the caverns of .the moop ? Wh^t 
i is said conperning the volcanoes of the moon ? 
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these spots were turned in a certain position, their surfaces 
appeared rough, and uneven ; a certain indication that they 
are not water. These circumstances, together with the fact, 
that the moon's surface is never obscured by mist, or vapor, 
arising from the evaporation of water from her surface, have 
induced astronomers to believe, that the moon has neither 
seas, lakes, nor rivers, and indeed that no water exists there. 

Eclipses* 

< Every planet and sattellite in the solar system is illuminated 
by the sun, and hence they cast shadows in the direction op- 
posite to him, just as the shadow of a man reaches from the 
sun. A shadow is nothing more than the interception of the 
rays of Ught by an opaque body. The earth always makes a 
shadow, which reaches to an immense distance into open 
space, in the direction opposite to the sun. When the earth, 
turning on its axis, carries us out of the sphere of the sun's 
light, we say it is sun-set, and then we pass into tne earth's 
shadow, and night comes on. When the earth turns half 
round from this point, and we again emerge out of the earth's 
shadow, we say, the sun rises, and then day begins. 

Now an eclipse of the moon is nothing more than her falling 
into the shadow of the earth. The moon having no light of 
her own, is thus darkened, and we say she is eclipsed. The 
shadow of the moon also reaches to a great distance from her. 
We know that it reaches at least 240,0.00 miles, because it 
sometimes reaches the earth. An eclipse of the sun is occa^ 
sioned whenever the earth falls into the shadow of the moon. 
Hence m eclipses, whether of the sun or moon, the two plan- 
ets and the sun, must be nearly in a straight line with respect 
to each other. In eclipses of the moon, the earth is between 
the sun and moon, and in eclipses of the sun, the moon is. be- 
tween the earth and sun. 

If the moon vvent around the sun in the same plane with 
the earth, that is, were the moon's orbit on the plane of the 

What is supposed concerning the lakes and seas of the moon ? On 
what grounds is it supposed that there is no water at the moon ? What 
is a shadow ? When do we say it is sun-set, and when do we say it is 
sun-rise ? What occasions an eclipse of the moon ? What causes 
eclipses of the sun ? In eclipses of the moon, what planet is between 
the sun and moon ? In eclipses of the sun, what planet is between the 
sun and eartli ? Why is there not an eclipse of the sun at every con- 
junction of the sun and moon ? 
23 
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ecliptic, there would happen an eclipse of the sun at every 
conjunction of the sun and moon, or at the time of every new 
moon. But at these conjunctions, the moon does not come 
exactly between the earth and sun, because the orbit of the 
moon is inclined to the ecliptic at an angle of 5^ degrees. Did 
the planes of the orbits of the earth and moon coincide, there 
would be an eclipse of the moon at every full, for then the 
. moon would pass exactly through the earth's shadow. 

One half of the moon's orbit being elevated 5^ degrees 
above the ecliptic, the other half is depressed as much below 
it, and thus the moon's orbit crosses that of the earth in two 
opposite points, called the moon's nodes. 

As the nodes of the moon are the points where she crosses 
the ecliptic, it is obvious that she must be half the time above, 
and the other halflbelow these points. The node in which 
she crosses the plane of the ecliptic upward, or towards the 
north, is called her ascending node. That in which she 
crosses the same plane downward, or toward the south, is call- 
ed her descending node. 

The moon's orbit like those of the other planets, is ellipti- 
cal, so that she is sometimes nearer the earth than at others. 
When she is in that part of her orbit, at the greatest distance 
from the earth, she is said to be in her apogee, and when at 
her least distance from the earth, she is in her perigee. 

Eclipses can only happen at the time when the moon is at, 
or near, one of her nodes, for at no other time is she near the 
plane of the earth's orbit, and since the earth is always in 
this plane, the moon must be at, or near it also, in order to 
bring the two planets and the sun in the same right line, with- 
out which no eclipse can happen. 

The reason why eclipses do not happen oftener, and at 
regular periods, is because a node of the moon is usually only 
twice, and never more than three times in the year, presented 
towards the sun. The average number of total eclipses of 
both luminaries, in a century, is about thirty, and the average 
number of total and partial, in a year, about tfour. There 
may be seven eclipses in a year, including those of both lu- 

How many degrees is the moon's orbit inclined to that of the earth ? 
What are the nodesj of the moon ? What is meant by the ascending 
and descending nodes of the moon ? What is the moon's apogee, and 
what her perigee ? Why must the moon be at, or near one of her nodes, 
to occasion an eclipse ? Why do not eclipses happen often, and at re^^- 
ular periods ? What is the greatest, and what the least number of eclip- 
ses, that can happen in a year? 



Biiaaaes, and there tbxy be only two. When there are oply 
two, they are both of the sun. . . 

When the moon is within 16^ degrees of her node, at the 
time' of her change, she is so near the ecliptic, that the sun 
may be more or less eclipsed, and when she is within 12 de- 
grees of her node, at the time of her full, the moon will be 
more or less eclipsed. 

But the moon is more frequently within 16^ degrees of her 
node at the time of her change, than she is within 12 degrees 
at the time of her full, and consequently there will be a great- 
er number of solar, than of lunar eclipses, in a course of 
years. Yet more lunar eclipses, will be visible, at any one 
piaee 6a the earth than solar, because the sun, being so much 
larger than the earth, or moon, the shadow of these bodies 
must terminate in a pbint, and this point of the moon's sha^ 
dow never covers but & snlall portion of the earth's surface^ 
while hinar eclipses ure visible over a whole hemisphere, 
and ai the earth tums on its axis, are therefore viable to more 
than half the earth; This will be obvious by figs. 206 and 
207, where it will be observed that an eclipse of the moon 
may be seen wherever the moon is visible, while an eclipse 
of the sun will be total only to these who live within the 
space covered by the moon's dark shadow. 

Lunar Eclipses. When the moon falls into the shadow of 
the earth, the rays of the sun are intercepted, or hid from her, 
and she then beoomto eclipsed. When the earth's shadow 
covers only a part of her face, as seen by us, she suffers only a 
partial eclipse, one part of her disc being obscured, while the 
other part reflects the sun's light. But when her whole sur* 
face is obscured by the earth's shadow, she then suffers a total 
eclipse, and of a duration proportionate to the distance she 
passes through the earth's shadow. 

Fig. 206 represents a total lunar eclipse ; the moon being 

Why will there be more solar than lunar eclipses, in the course of 
years ? Why will more lunar than solar eclipses be visible at any one 
place? 
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in the midst of the earth's shadow. Now it will be apparent. 
Fig. 206i 
EeUftsei 




that in the situation of the sun, earth, and moon, as represent, 
ed in the figure, this eclipse will be visible from all parts of 
that hemisphere of the earth which is next the moon, and that 
the moon's disc will be equally obscured, from whatever point 
it is seen. When the moon passes through only a part of the 
earth's shadow, then she suffers only a partial eclipse, but th\a 
is also visible^ from the whole hemisphere next the moon. It 
will be remembered that lunar eclipses happen only at full 
moon, the sun and moon being in opposition, and the earth be- 
tween tkem. 

Solar Eclipses. When the moon passes between the earth 
and sun, there happens an eclipse of the sun, because then the 
moon's shadow falls upon the earth. A total eclipse of the 
sun happens often, but when it occurs, the total obscurity 
is confined to a small part of the earth ; since the dark por- 
tion of the moon's shadow never exceeds 200 miles in diam- 
eter on the earth. But the moon's partial shadow, or pe- 
numhra, may cover a space on the earth of more than 4,000 
miles in diameter, within all which space the sun will be more 
or less eclipsed. When the penumbra first touches the earth, 
the eclipse begins at that place, and ends when the penum- 
bra leaves it. But the eclipse will be total only where the 
dark shadow of the moon touches the earth. 
Fig. 207. 




Why is the same eclipse total at one place, and only partial at anoth- 
er ? Why is a total eclipse of the sun confined to so small a murt of the 
earth? ' - "^ *^ 
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Fig. 207 reprqsdnts an eclipflQ of the waa^ without ragaid to 
the penumbra, that it may be observed how small a part of 
the earth the dark shadow of the moon covers. To those 
who live within the limits of this shadow, the eclipse will be 
total, while to those who live in say direction around it, and 
within reach of the penumbra, it will be only partial. 

Solar eclipses are called annular^ from annulus, a ring, 
when the moon passes across the centre of the sun, hiding all 
his light, with the exception of a ring on his outer edge, which 
the moon is too small to cover from the position in which it 
is seen. 

Fig. 208. 




Fig. 208 represents a solar eclipse, with the penumbra JD, 
C, and the umbra, or dark shadow, as seen in the above figure. 

When the moon is at iti^ greatest distance from the earth, 
its shadow m o, sometimes terminates, before it reaches (he 
earth-, and then an observer standing directly under the point 
o, will see the outer edge of the sun, forming a bright ring 
around the circumference of the moon, thus forming an annu* 
lar eclipse. 

The penumbra D C, is only a partial interception of the 
sun's rays, and in annular eclipses it is this partial shadow on. 
ly which reaches the earth, while the umbra, or dark shadow, 
terminates in the air. Hence annular eclipses are never to- 
tal in any part of the earth. The penumbra, as already stated, 
may cover more than 4000 miles of space, while the umbra 
never covers more than 200 miles in diameter ; hence partial 
eclipses of the sun may be seen by a vast number of inhabi- 
tants, while comparatively few will witness the total eclipse. 

When there happens a total solar eclipse to us, we are eclips- 
ed to the nkoon, ana when the moon is eclipsed to us, an eclipse 
of the sun happens to the moon. To the moon, it is obvious 

What is meant by penumbra T What will be the difference in the 
aspect of the eclipse, whether the observer stands within the dark shad- 
ow, or only within the penumbra ? What is meant by annular eclipses f 
Are annular eclipses ever total in any part of the earth? In annular 
eclipses, what part 6f the moon's shadow reaches the earth? 

53* 



that an eeliptie of the earth ean never be total, since h^ shad- 
ow covers only a small portion of the earth's surface. Such 
an eclipse, therefore, at the moon appears only as a dai^ spot 
on the face of the earth ; but when the moon is eclipsed to us, 
the sun is partially eclipsed to the moon for several hours 
longer than the moon is eclipsed to us. 
The Tideu 

The ebbing and flowing of the sea, which regularly takes 
place twice in 24 hours, are called the tides. The cause of 
the tides, is the attraction of the sun and moon, but chiefly of 
the moon on the waters of the ocean. In virtue of the universal 
principle of gravitation, heretofore explained, the moon, by 
her attraction draws, or raises the water towards her, but be- 
cause the power of attraction diminishes as the squares of the 
distances increase, the waters, on the opposite side of the 
earth, are not so much attracted as they are on the side nearest 
the moon* This want of attraction^ together with the greater 
centrifugal forte of the earth on its opposite side, produced in 
consequence of its greater distance ftf>m the common centre 
of gravity, between the earth and moon, causes the waters to 
rise on the opposite side, at the same time that they are raised 
by*direct attraction on the side nearest the moon. 

Thus the waters are constantly elevated oil the sides of the 
> earth opposite to each other above their common level, and 
consequently depressed at opposite points equally distant from 
these elevations. 

Let m, fig. 209, be the moon, and E the earth covered with 
Fig. 209. 





water. As the moon passes round the earth, its solid and fluid 
parts are equally attracted by her influence according to their 
densities ; but while the solid parts are at liberty to move only 
as a whole, the water obeys the slightest impulse, and thus 
tends towards the moon where her attraction is the strongest. 

What is said concerning eclipses of the earth, as seen from the moea? 
What are the tides ? What is the cause of the tides f What causes the 
tide to rise on the side of the earth opposite to Uie moon f 



Consequeotly the waters are perpetually eleviited immediately 
under the moon. If therefore the earth stood still, the influ- 
ence of the moon's attraction would raise the tides only as she 
passed round the earth. But as the earth turns on her axis 
every 24 hours, and as the waters nearest the moon, as at <», 
are constantly elevated, they willj in the course of 24 hours, 
move round the whole earthy and consequently from this cause 
there will be high water at every place once in 24 hours. As 
the elevation of the waters under the moon causes their de- 
pression at 90 degrees distance on the opposite sides of the 
earth d and c, the point c, will come to the same place, by the 
earth's diurnal revolution, six hours afler the point a, because 
c is one quarter the circumference of the earth from the point 
a, and therefore there will be low water at any given place 
six hours after it was high water at that place. But while it is 
high water undclr the moon, in consequence of her direct at^ 
traction, it is also high water on the opposite side of the ciarth 
in consequence of her diminished attraction, and the earth's 
centrifugal motion j and therefore it will be high water from 
this cause twelve hours afler it was high water from the 
former cause, and six hours after it was low water from both 
causes. 

Thus when it is high water at a and b, it is low water at c 
and d, and as the earth revolves once in 24 hours, th^re will 
be an alternate ebbing and flowing of the tide, at every place 
once in six hours. 

But while the earth turns on her axis, the moon advances in 
her orbit^ and consequently any given point on the earth will 
not come under the moon on one day so soon as it did on the 
day before< For this reason, high or low water at any place 
comes about fifly minutes later on one day than it did the day 
before. 

Thus far we have considered no other attractive influence 
except that of the moon, as affe^^ting the waters of the ocean. 
But the sun, as already observed ^ has an effect upon the tides, 
though on account of his great distance, his influence is small 
when compared with that of the moon. 

When the sun and moon are in conjunction, as represented 
in fig. 209, which takes place at her change, or when they are 
in opposition^ which takes place at full moon^ then their forces 

If the earth stood still, the tides would rise only as the moon passes 
round the earth ; what then causes the tides to rise twice in ^ hours? 
When it is high water under the moon by her attraction^ what is the 
cause of high water ofn the opposite side of the earth, at the same time f 
Why are the tides about 50 minutes later every day ? 
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are united, or act on the waters in the same direction, and cob- 
sequently the tides are elevated higher than uaiialy aad on thb 
accoufit are called spring ti^s. 

But when the moon is in her qoadraturesy or quarters, the 
attraction of the sun tends to counteract that of the moon, and 
although his attraction does not elevate the waters and pro- 
duce tides, his influence diminishes that of the moon, and con- 
sequently the ^evation of the waters are less when the sun 
and moon are so situated in I'espect to each other, thta when 
they^e in conjunction, or opposition* 

Fif . 2i0. 





This effect is represented by fig. 210, where the i^levation 
of the tides at c and d is produced by the causes already ex- 
plained ; but their elevation is not so great as in fig. 206, since 
the influence of the sun acting in the direction a h, tends to 
counteract the moon's attractive influence. These smill tides 
are called neap tides, and happen only when the moon is in 
her quadraturefis. 

The tides are hot at their greatest heights at the time when 
the moon is at its meridian, but sometime afterwards, because 
the water, having a motion forward, continues to advance by 
its own inertia, some time afler the direct influehce of the moon 
lias ceased to affect it. 

Latitude ami Longitude. 

Latitude is the distance from the equator in a direct line* 
north or south, measured in degrees and minutes. The num- 
ber of degrees is 90, north, and as many sou^, each line oh 
which these degrees are reckoned, runnii^ from the equator 
to the poles. Places on the north of the equator are in north 
laiiiude, and those on the south of the equator are in souik lat- 
itude. The parallels of latitude ai^ imaginary line's dirawn 

What produces spring; tides ' Where must the imoon be in respect to 
fbiB sun, to produce spring tides f What is ibe occasion of liekp tides ? 
\nX is latitude? 
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parallel lo the equator; either north'or isouth, and hence every 
place situated on the same parallel) is in the same latitude, 
because it must be at the same distance from the equator^ 
The length of a degree of latitude is 60 geographical miles^ 
LongUude is the distance measured in degrees and minutes 
either east or west, from any given point on the equator, or 
on any parellel of latitude. Hence the lines, or meridians of 
longitude cross those of latitude at right angles. The degrees 
of longitude are 180 in number, its lines extending half a 
circle to the east, and half a circle to the west, from any given 
meridian, so as to include the whole circumference of the 
earth. A degree of longitude, at the equator, is of the same 
length as a degree of latitude, but as the poles are approached, 
the degrees of longitude diminish in length, because the 
earth grows smaller in circumference, from the equator to- 
w|irds the poles ; hence the lines surrounding it become less 
and less. This will be made obvious by fig. 211. 

Let this figure represent the 
earth, N, being the north pole^ 
5, the south pole, and E W the 
equator. The lines 10, 20, 30, 
and so on, are the parallels of 
latitude, and the lines iV, a S, iV, 
b S, dec. are meridian lines, or 
^, those of longitude. 

The latitude of any place on 
the globe, is the number of de- 
grees between that place and the 
equator, measured on a meridian 
line ; thus x is in latitude 40 
degrees, because the x g part of 
the meridian contains 40 degrees. 

The longitude of a place is the number of degrees it is situ- 
ated east or west from any meridian line ; thus v is 20 degrees 
west longitude from x, and x is 20 degrees east longitude 
from V. 

As the equator divides the earth into two equal parts, or 
hemispheres, there seems to be a natural reason why the de- 

How many degrees of latitude are there ? How far do the lines of 
latitude extend ? What is meant by north, and south latitude ? What 
are the parallels of latitude ? What is longitude ? How many degrees 
of longitude are there^ east or west ? What is the latitude of any place ? 
What is the longitude of a place ? 
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gretB €f latittide should be reckoned fVom this gfeat citcle. 
But from east to west there is no natural division of the earth, 
each meridian line heing a great circle, dividing the earth 
into two hemispheres, and henee there is no natural reason 
why longitude should be reckoned from one meridian any 
teore than another. It has, therefore, been customary for 
writers and mariners to reckon longitude from the capital of 
their own country, as the English from London, the French 
from Paris, and the Americans from Washingftm. Bat this 
mode, it is apparent, must occasion much confusion, since each 
writer of a different nation would be obliged to correct the 
longitude of all other countries, to make if agree with his own. 
More recently, thei*ofore, the writers of Europe and America 
have selected the royal observatory, at Gi^enwich, nekr Lon- 
don, as the first meridian, and on most maps and charts lately 
published, longitude is reckoned from that place. « 

The latitude of any place is determined by taking the alti- 
tude of the siin at mid-day, and then subti^ctinjg this from 90 
degrees, making proper allowance for the sun's place in the 
heavens* The reason of this will be obvious, when it is con- 
sidered that the whole number of degrees from the Zenith to 
the horizon is 90, and therefore, if we ascertain the sun's dis- 
tance from the horizon, that is, his altitude, by allowing for 
the sun'li declination north or south of the equator, and sub- 
tracting this from the whole number, the latitude of the place 
will be found. Thus suppose that on the 20th of Mat^h, when 
the sun ii9 at the equator, his altitude from any place north of 
the equator should be found to be 48 degrees above the hori- 
zon ; this, subtracted from 90, the whole number of the de- 
grees of latitude, leaves 42, which will be the latitude of the 
place where the observation was made. 

If the sun, at the time of observation, has a declination, 
north, or south of the equeUor, this declination must be added 
to, or subtracted from the meridian altitude, as the case may 
be. For instance, another observation being taken at the 
place where the latitude was found to be 42, when the sun 
had a declination of 8 degrees north, then his altitude would 
be 8 degrees greater than before, and therefore 56, instead of 

Why are the degrees of latitude reckoned from the equator? What 
is said concerning the places from -which the decrees of Icmgitude have 
been reckoned f What is the inconvenience of estimating longitude 
from a place in each country f From what place is longitude reckoned 
in Europe and America ? 
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48 Now subtracting this 8, the sun's declination^ from 56, 
and the remainder from 90, and the latitude of the place will 
be found 42, as before. If the sun s declination be south of 
the equator, and the latitude of the place, north, his decHna. 
tion must be added to the meridian altitude, instead of being 
subtracted from^ it. The same result may be obtained by 
taking the meridian altitude of any of the fixed stars, whose 
declinations are known, instead of the sun's, and proceeding 
as above directed. 

There is more difficulty in ascertaining the degrees of lon- 
gitude, than those of latitude, because as above stated, there 
is no fixed point, like that of the equator, from which its degrees 
are reckoned. The degrees of longitude are therefore, estima* 
ted from Greenwich, and ard ascertained by the following 
methods. 

When the sun comes to the meridian of any place, it is 
noon, or 12 o'clock, at that place, and therefore, since the 
equator is divided into 360 equal parts, or degrees, and since 
the earth turns on its axis once in 24 hours, 15 degrees of the 
equator will correspond with one hour of time, for 24 hours 
being divided by 360 degrees, will give 15. The earth, there- 
fore, moves in her daily revolution, at the rate of 15 degrees 
for every hour of time. Now as the apparent course of th« 
sun is from east to west, it is obvious that he will come to any 
meridian lying east of a given place, sooner than to one lying 
west of that place, and therefore it will be 12 o'clock to the 
east of any place, sooner than at that place, or to the west of 
it. When, therefore, it is noon at any one place, it will be 1 
o'clock at all places 15 degrees to the east of it, because the 
sun was at the meridian of such places an hour before ; and so 
on the contrary, it will be 11 o'clock, 15 degrees west of the 
same place, because the sun has still an hour to travel, before 
he reaches the meridian of that place. It makes no difier- 
ence, then, where the observer is placed, since if it is 12 
o'clock where he is, it will be 1 o'clock 15 degrees to the east 
of him, and 11 o'clock 15 degrees to the i.fest of him, and so 

How is the latitude of a place determined ? Give an example of the 
method of finding the latitude of the same place at different seasons of 
the year. When must the sun's declination from the equator be added 
to, and when subtracted from, his meridian altitude? Why is there 
more difficulty in ascertaining the degrees of longitude than of latitude? 
How many degrees of longitude does the surface of the eeirt^ pass 
through in an hour? Suppose it is noon at any given place, what o'clock- 
will it be 15 degrees to the east of that place? Explain the reason. 
How may longitude be determined by an eclipse ? 
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in this proportion, let the time be more or less. Now if any 
celestial phenomenon should happen, such as an eclipse of 
the moon, or of Jupiter's satellites, the difference of longitude 
between two places where it is observed, may be determined 
by the difference of the times at which it appeared to take 
place. Thus if the moon enters the earth's shadow at 6 
o'clock, in the evening, as seen at Philadelphia, and at half 
past 6 o'clock at another place, then this place is half an hour, 
or 7-^ degrees to the east of Philadelphia, because 7|- degrees 
of longitude are equal to half au hour of time. To apply these 
observations practically, it is only necessary that it should be 
known exactly at what time the eclipse takes place at a given 
point on the earth. 

Longitude is also ascertained by means of a chronometer, 
or true time piece, adjusted to any given meridian; for if the 
difference between two clocks, situated east tind west of each 
other, and going exactly at the same rate, can be known, at 
the same time, then the distance between the two meridians 
where the clocks are placed will be known, and the difference 
of longitude may be found. 

Suppose two chronometers, which are known to go at ex- 
actly the same rate, are made to indicate 12 o'clock by the 
meridian line of Greenwich, and the one be taken to sea, while 
the other remains at Greenwich. Then suppose the captain, 
who takes his chronometer to sea, has occasion to know his 
longitude. In the first place, he ascertains, by an observation 
of the sun, when it is 12 o'clock at the place where he is, and 
then by his time piece, when it is 12 o'clock at G^reenwich, 
and by allowing 15 degrees for every hour of the difference in 
time, he will know his precise longitude in any part of the 
world. For example, suppose the captain sails with his chro- 
nometer for America, and after being several weeks at sea, 
finds by observation, that it is 12 o'clock by the sun, and at 
the same time finds by his chronometer, that it is 4 o'clock at 
Greenwich. Then because it is noon at his place of obser- 
vation after it is noon at Greenwich, he knows that his longi. 
tude is west from Greenwich, and by allowing 15 degrees for 
every hour of the difference, his longitude is ascertained. 

Explain the principles on which longitude is determined by the chro- 
nometer. Suppose the captain finds by his chronometer that it is 12 
o'clock where he is, 6 hours later than at Greenwich, what then would 
be his longitude ? Suppose he finds it to be 12 o'clock 4 hours earlier 
where he is, than at Greenwich, what then would be his longitude f 
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*9!*liiiii, 15 degrees, multiplied l^y 4 hours, give 60 degrees of 
vest longitude from Greenwich. If it is noon at the place of 
observation, before it is noen at Greenwich, then the captain 
knows that his longitude is east, and bis true place is iouui 
•in the same manner. 

Fixed Stars* 

The stars are cMeAJixed, because they have been observed 
not to (Change their places with respect to each other. They 
-may he distinguished by the naked eye from the planets of 
our vystem by their 'scintillations, or twmkling. The stars 
'are divided into classes, 'according to their magnitudes, and 
are called stars of the first, second, and so on to the sixth 
magnitude. About 2000 stars may be seen with the naked 
eye in the whole vault of the heavens, though only about 1000 
are above the horizon at the same time. Of these, about 17 
are of the Ist magnitude, 60 of the 2d magnitude, and 150 of 
the 3d magnitude. The others are of the 4th, 5th, and 6ih 
magnitiides, the 'last'of xvhich are the smallest that can be dis- 
tinguished with the -naked eye. 

It might seem incredible, that on a clear night only about 
1000 stars are visible, when on a single glance at the different 
parts of the firmament, their <-numbers ^appear innumerable. 
But this deception arises from the confused and hasty manner 
'in which they are viewed, for if we look "steadily on a particu- 
lar portion of sky, and count the stars contained within cer. 
tain limits, we shall be surprised to find their number so few. 

As we have incomparably more light from the moon, than 
from all the stars together, it is^absurd to suppose that they 
were made for no other purpose than to cast so faint a glioii- 
mering on our earth, and especially as -a great proportion of 
' them are invisible to our naked eyes. The nearest fixed^stars 
to our system, from the most aeurate astronomical ^caksula* 
tions, cannot be nearer than 20,000,000,000,000, or 20 tnl- 
lions of miles from the- earth, a distance so immense,' that light 
cannot pass through it in lees than three years. 'Hence were 
these stars annihilated at the present time, their light would 

Why are the stan icaUetd fisced? How may the stats be distihgaisbed 
from the planets ? Theslarfir are divided into classes, according to their 
magnitades ; how many classes are there ? How many stars may be 
•seen with the naked eye, in the whole firmament? Why does there 
* appear to be more stars than there really are ? What is the computed 
<&tanee of the nearest fixed stars from the earth f 
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continue to flow towards us, and they wottld lipp^lir lo l>e it 
the same mtuatiens to us, three years hence that they do aow. 
Ou^r sun, seen from the distance of the nearest fixed stars, 
^irould appear no larger thaa a star of the irstmagnitade does 
to us. These stars appear no larger to us, when the earth u 
in that part of her o^bit nearest to them, than they do, when 
she is in the opposite part of her arfoit; and as our cHstance 
from the sun is 95,000,(K)0 of miles, we must be twice this 
•distance, or the whole diameter of Ae earth's orbit, nearer a 
given fixed star at one period' of the year, than «tt another. 
The difference, therefore, of 1^,000,000 of anles, bears so 
small a proportion to the whole distance 4>etween us and the 
fixed stars, as tocaake no appreciable difference in their sizes, 
even when assisted by the most pcmerfiil telescopes. 

The amazing distances of the fixed stars may also be infer, 
red from the return of comets to our system, after an absence 

. of several hundred yeans. 

The velocity with whkh vome of these bodies mcWe, when 
nearest the sun, has been computed at nearly a million of 
miles in an iiour, and altfaough their velocities must be p^- 
petually retarded, as they recede from the sun, still in 250 

. years of dme, they must move thiough a space, which to us 
would be infinite. The periodical return of one comet 
is known to be upwards of 500 years, making more than 
350 years in performmg its journey to the most Temote part 

. of its orbit, and as many in retnniing back to our system ; 
and that it mast still always be nearer ^our system than the 
!fixed stars, is proved by its return ; for by the laws of gravt- 
tation, did it approach nearer another system, it would never 
again return to odrs. 

From such proofs of the vast "distances of the fixed stars, 
there can be no doubt that they shine with their own light, 
like our sun, and hence the conclusion that they are suns to 
other worlds, which move around them, as the planets do 
around our sun. Thmr distan<^s will, howeves, <prevent our 
ever knowing, except by conjecture, whether this is the case 
or not, since, were they millions of times nearer us than they 

How long; would it take light to reaeh us frbm the fixed stars f How 
large would our sun appear at Uie distance of the fixed stars? What 
is said concerning the difierence of the distance between the earth and 
the fixed sum at different seasons of the year, and of their different ap- 
pearances in consequence? How may the distanoes of the fixed stars 
be inferred by the long absence and return of comets? On what 
grounds is it supposed that thefixed stars are suns to other worlds f 



«f>e, weahoidd not beaUe to discover the reflected light of their . 

Besides the planets, which i^ove rouad the snn in regular 
order, and in nearly circular orbits, there belongs to th^ solar 
system an unknown number <^ bodies called ComeiSf which 
move round the sun in orbits Exceedingly eccentric, or elliptic, 
cal, and whose appearance among our heavenly bodies is on-» 
ly occasional. Comets, to the ndlcd eye, have no visible disc, 
$at shine with a faint glimmering ligh^ and are accompanied 
by a train or tail, turned from the sun, and which is sometimes 
of immense length. They appear in every region of the 
heavens,; and move in evei^ possible direction. 

In the days of ignorance and superstition, comets were con- 
sidered the harbingers of war> pestilence, or some other great 
or general evil ; and it was not until astronomy had made con-^ 
piderable progress as a science, that these strangers could be 
seen, among our planets without tho e;Kpectatkon of some dire- 
ful event. 

It had been supposed that comets moved in straight lines, 
coming froin the regions pf infinity, or unknown space, and 
merely passing by our system, on their way to regions equally 
unknown and infinite, and fh>m which they never returned. 
Sir Isaac Newton was the first to demonstrate that comets pass 
round the sun, like the planets^ but that their orbits are ex. 
ceedingly elliptical, and extend out to a vast distance beyond 
the solar system. 

The number of comets is unknown, though some a^troiio- 
mers suppose that there are nearly 500 belonging to our sys- 
tem. Ferguson, who wrote in about 1760, supposed that there 
were less than 30 comets which made us occasional visits ;: 
but since that period the elements of the orbits of nearly 100 
of these bodies have been computed. 

Of these, however, there ai-e only three whose periods of re- 
turn among us are known with any degree of certainty. The 
first of these has a period of 76 years ; the second a period of 
129 years ; and the third a period of 676 years. The third 
appeared in 1680; and therefore cannot be expected again 

What number of comets are sapposed to belongs to ota systam ? How 
many hare had the elements of their orbits estimafeod by Mtronom«re ? 
^onr many are there whose periods ofretnm are known .^ 
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until the year 2225c Thi» comet in 1«86, exeited the most 
intense interest among the astronomers of Europe, on account 
Fig. 212. 

I of its great apparent size and 
I near approach to our system, 
[in the most remote part of its 
I orbit J its distance fjrom the 
I Sim was estimated, at about 
I el e ve D thousand two hundred 
1 m U liooa ofmiles. At its near- 

_^ (est approach to the sun^which, 

was only about 50,000 mileaj its velocity, according to Sir 
Isaac New ton > was 680,000 miles in an hour ; and supposing 
it to have retained the sun's heat, like other solid bodies, its 
temperature must have been about 2000 times that of red. 
hot iron. The tail of thi? comet was at least 100 milbons of 
miles long. 

. In the Edinburgh Encyclopedia, article A^trowmyy there 
is the most complete table of comets yet published. This, 
contains the elements of 97 comets^, calculated by different 
astronomers, down to the year 1808. 

From this table it appears that 24 comets have passed be^ 
tween the sun and the orbit of Mercury ; 33 between the or- 
bits of Venus and the Earth.; l& between the ojbits of the 
Earth and Mars ; 3 between the (wbits of Mars apd Ceres ; 
and 1 between the orbits of Ceres and Jupiter. It also ap- 
pears by this table that 49 comets have moved round the sun 
from west to east,, and 48 from east to west« 

Of the nature of these wandering planets very Uttle is known. 
When examined by a telescope, they appear like a mass of 
vapours surrounding a dark nucleus. When* the comet is 
at its perihelion, or nearest the sun, its color seems to be 
heightened by the intense light or heat of that luminary, and 
it then often shines with more brilliancy than the planets. At 
this time the tail or train, which is always directly opposite to 
the sun, appears at its greatest length, but is commonly so 
transparent as to permit the fixed stars to be seen through it. 
A variety of opinions have been advanced by astronomers con- 
cerning the nature and cause of these trains. Newton sup- 
posed that they were thin vapour, made to ascend by the sun's 
heat, as the smoke of a fire ascends from the earth ; while 
Kepler maintained that it was the atmosphere of the comet 
driven behind it by the impulse of the sun's rays. Others 

What is aaid of the comet of 1680^ 



EUBCTBICITTf 277 

suppose that this appearance ariaes firon^ strefLins of electric 
matter pa§9ing away from the comet, dec. 



ELECTRICITY, 

The science of Electricity^ which now ranks as an impor- 
tant branch of Natural Philosophy, is wholly pif modern date. 
The ancient^ were acquainted with a few detached facts de- 
pendent on the agency of electrical influence, but they never 
imagined that it was extensively concerned in the operations 
of nature, or that it pervaded material substances generally. 
The term electricity is derived from electron, the Gi'eek name 
of amber, because it was known to the ancients, that when 
that substance was rubbed or excited, it attracted or repelled 
small light bodies, and it was then unknown that other sub- 
stances when excited would do the same. 

When a piece of glass, sealing wax, or amber, is rubbed 
with the dry hand and held towards small and light bodies, 
such as threads, hairs, feathers, or straws, these bodies will fly 
towards the surface thus rubbed, and adhere to it for a short 
time. The influence by which these small substances are 
drawn, is called electricid attraction ; the surface having this 
attractive power is said to be excited ; and the substances sus- 
ceptible of this excitation, are called electrics. Substances, 
not having this attractive power when rubbed, are called non- 
electrics. 

The principal electrics are amber, rosin, sulphur, glass, the 
precious stones, sealing wax, and the fur of most quadrupeds. 

After the light substances, which had been attracted by the 
excited surface, have remained in contact with it a certain 
time, the force which brought them together ceases to act, or 
acts in a contrary direction, and the light bodies are repelled^ 
or thrown away from the excited surface. Two bodies, also, 
which have been in contact with the excited surface, mutual- 
ly repel each other. 

Various modes have been devised for exhibiting distinctly 
the attractive and repulsive agencies of electricity, and for 
obtaining indications of its presence, when it exists only in a 
feeble degree. Instruments for this purpose are termed Elec» 
troscopes. 

From what is the term electricity derived ? What is electrical attrac- 
tion? What are electrics? What are non-electrics? What are the 
principal electrics? What is meant by electrical repulsion? What is 
an electroscope? 

24* 



1 



278 BtBCTBicnrr. 

Ond of the simplest instruments of this kind consisCs of a 
Fig. 213. metallic needle, terminated at 

each end by a light pith baU, 
which is eovered with gold leaf, 
and supported horizontally at 
its centre by a fine point, fig. 
213. When a stick of sealing 
Wax, or a glass tube is excited, 
and then presented to one o£ 
these balls, the motion of the 
needle on its pivot will indicate 
the electrical influence. 
If an excited substance be brought near a ball made of pith, 
Fig. 214. or cork, suspended by a silk 

thread, the ball will, in the first 
place, approach the electric as at 
a, fig. 214, indicating an attrac- 
tion towards it, and if the posi^ 
tion of the electric will allow, 
the ball will come into contact 
with the electric, and adhere to 
it for a short time, and will then 
recede from it, showing that it is repelled as at b. If now the 
ball which had touched the electric, be brought near another 
ball, which has had no communication with an excited sub*" 
stance, these two balls will attract each other and come into 
contact ; after which they will repel each other, as in the for* 
mer case. 

It appears, therefore^ that the excited body, as the stick of 
sealing wax, imparts a portion of its electricity to the ball, 
and that when the ball is also electrified, a mutual repulsion- 
then takes place between them. Afterwards, the ball, being 
electrified by contact with the electric, when brought near 
another ball not electrified, transfers a part of its electrical 
influence to that, after which these two balls repel each other 
as in the former instance. 

Thus when one substance has a greater or less quantity of 
electricity than another, it will attract the other substance, 
and when they are in contact, will impart to it a portion of this 
superabundance ; but when they are both equally electrified, 
both having'more or less than their natural quantity of elec^ 
tricity, they will repel each other. 

When do two electrified bodies attract, and when do they lepel eaclv 
-*h6r? 




To aeoooftt for these phenomeiia, two theories have been 
advanced) one by Dr. Franklin, who supposes there is only- 
one electrical fluid, and the other by Du Fay, who supposes 
there are two distinct fluids. 

Dr. Franklin supposed that all terrestrial substances were 
pervaded with the electrical fluid, and that by exciting an elec* 
tnc^ the equilibrium of this fluid was destroyed, so that one 
part of the excited body, contained more than its natural quan- 
tity of electricity, and the other part less. If in this state a 
conductor of electricity, as a piece of metal, be bmught near 
the excited part, the accumulated electricity would be imparts 
cmI to it, and then this conductor would receive more than its 
natural quantity of the electric fluid. This be called posUtve 
electricity, fiut if a conductor be connected with that pait 
which has less than its ordinary share of the fluid, then the 
conductor parts with a share of its own, and therefore will then 
contain less than its natural quantity^ This he called negtOive 
electricity. When one body positively, and another it6^attf>e- 
ly electrified, are connected by a conducting substance, the 
fluid rushes from the positive to the negative body, and the 
equilibrium is restoied. Thus bodies which are said to be 
positively electrified contain more than their natural quantity 
of electricity, while those which are negatively electrified 
contain less than their natural quantity. 

The other theory is explained thus. When a piece of glass 
is excited and made to touch a pith ball, as above stated, then 
that ball will attract another ball, afler which they will mutu- 
ally repel each other, and the same will happen if a piece of 
sealing wax be used instead of the glass. But if a piece of 
excited glass, and another of wax, be made to touch two sep. 
arate balls, they will attract each other ; that is, the ball which 
received its electricity from the wax will attract that which re- 
ceived its electricity from the glass, and will be attracted by it. 
Hence Du Fay concludes that electricity consists of two dis- 
tinct fluids, which exist together in all bodies — that they have 
a mutual attraction for each other-^that they are separated by 
the excitation of electrics, and that when thus separated, and 

How will two bodies act, odo having more, and the other less than the 
natural quantity of electricity, when brought near each other ? How 
will they act when both have more or less than their 'natural quantity f . 
Explain Dr. Franklin's theory of electricity. What is meant by posi- 
tive, and what by negative electrici^ ? What is the consequence, when 
a positiye and a negative body is connected by a conductor f Explain 
Du Fay *0 theory. When two balls are olectnfied, one with glass, and 
the other with was, will they attract) or repel each other f 
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transferred to non-electrics, as to the pith halls, their mutual 
attraction causes the halls to rush towards each other. These 
two principljBS he palled vUricms and resinaus electricity. The 
vitrous heing obtained from glass, and the resinous from wax, 
and other resinous suhstances. 

Dr. Franklin's theory is by far the most simple, and will ac- 
count for most of the electrical phenon^ena equally well with 
that of Du Fay, and therefore has been adopted by many of 
the most able electricians. 

It is found that sonie substances conduct the electric fioid 
from a positive to a negative surface with great facility, while 
others conduct it with difficulty, and others not at all. Sub- 
stances of the first kind are called conductorsy and those of the 
last, non-conductors. The electrics, or sqch substances as, 
being excited, communicate electricity, are all non-conduct- 
ors, while the non-electrics, or such substances as do not 
communicate electricity on being excited, are conductors. 
The conductors are the metals, charcoal, water, and other 
fluids, except, the oils, smoke, steam, ice and snow. The 
best conductoirs are gold, silver, platina, brass, and iron. 

The electrics, or non-conductors, are glass, amber, sulphur, 
resin, wax, silk, most hard stones, and the furs of some ani- 
mals. 

A body is said to be instdated, when it is supported, or sur- 
rounded by an electric. Thus a stool, standing on glass legs, 
is insulated, and a plate of metal laid on a plate of glass, is 
insulated. 

When large quantities of the electric fluid are wanted for 
experiment, or for other purposes, it is procured by an elec- 
trtcdl machine. These machines are of various forms, but all 
consist of an electric substance, of considerable dimensions ; 
the rubber by which this is excited, the prime conductoTy on 
which the electric matter is accumulated, the insulator ^ which 
prevents the fluid from escaping, and machinery by which 
the electric is set in motion. 

What are the two electricities called f From what substances are 
the two electricities obtained f W hat are conductors ? What are non- 
conductors ? W hat substances are conductors ? W hat substances are 
the best conductors? What substances are electrics, or non-conduct- 
ors ? When is a body said to be insulated ? What are the severat 
> parts of an electrical machine f 
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Fig. 215 represents such a machine, of which A is the^ 
electric, being a cylinder of glass ; B the prime conductor* 
R the rubber, or cushion, and C a chain connecting the rub 
ber with the ground. The prime conductor is. supported by 
a standard of glsu9s. Sometiipes^ also, the pillars which sup* 
port the axis of the cylinder, and that to whidi the cushion is^ 
attached, are made of the same material. The prime con- 
ductor has several wires inserted intaits side^ or end, which 
are pointed, and stand with the points near the cylinder.. 
They receive the electric fluid from the glass and convey it 
to the couductorb The conductor is commonly made of sheet 
brass, there being no advantage in having it solid, as tha 
electric fluid is dways confined entirely to the surface*. 
Even paper, covered with gold leaf, is as< effective in this 
respect, as though the whole was of solid gold. The cushion 
is attached to a standard, which is flirniahed with a thumb 
screw, so that its pressure on the cylinder can be increased,, 
or diminshed. The cushion is made of leather, stufled, and 
at its upper edge there is attached a flap of silk, F, by which 
a greater surface of the glass is covered, and the electric fluid 

What is the u^e of the pointed wires ia the prime conductor.^ How 
is it accounted for, that a mere sucface of metal will contain as mueh 
electric fluid, as thoiigh it were solid? When a piece of glass, or seal- 
'me wax is excited, by rubbing it wit^ the, hand, 9r a piec^ of sill^ 
whence comes the electricity? 
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thus prevented, m some degree^ from escaping. The efficacy 
of the rubber in producing the electric excitation is much in- 
creased by spreading on it a small quantity of an amalgram of 
tin and mercury, mixed with a litUe lard, or othM* uncuou» 
substance. 

The manner in which this machine acts, may be inferred 
from what has already been said, for when a stick of sealing 
wax, or a glass tube is rubbed with the hand, or a piece of 
silk, the electric fluid is accumulated in the excited substance,, 
and therefore must be transferred from the hand, or silk, to 
the electric. In the same manner, when the cylinder is made 
to revolve, the electric matter, in consequence of the friction, 
leaves the cushion, and is accumulated on the glass cytinder, 
that is, the cushion becomes negatively, and the glass post- 
tively electrified. The fluid, being thus excited, is prevented 
from escaping by the silk flap, until it comes to the yicinity 
of the metallic points, by which it is conveyed to the prime 
conductor. But if the cushion is insulated, the quantity of' 
electricity obtained, will soon have reached its lin^t, for when 
its natural quantity is transferred to the glass, no more can 
be obtained. It is then necessary to make the cushion com* 
municale with the ^round^ which is done by hiying the dbtoA 
on the floor, or table, when more of the fluid will be aceamu* 
lated, by further excitation, the ground being the inexhausti* 
ble source of the electric fluid. 

If a person who is insulted, takes the chain in his hand, the 
electric fluid will be drawn from him, along the chaia to the 
cushion, and from the cushion will be transferred to the prime 
conductor, and thus the person will become negatively elec. 
trifled. If then, another person, standing on the floor, hold 
his knuckle near him, who is insulated, a spark of electric fire 
will pass between them, with a crackling noise, and the 
equilibrium will be restored ; that is, the electric fluid will 
pass from him who stands on the floor, to him who stands on 
the stool. But if the insulated person takes hold of a chain, 
connected with the prime conductor, he may be considered 

When the cushion is insulated, why U there a limited quantity of 
electric matter to be obtained from it? Wfa^t is then necessary, that 
more electric matter may be obtained froai the cushion ? If an insula- 
ted person takes the chain, connected with the cushion, in his hand, 
what change will be produced in his natural quantity of electricity ? If 
the insulated person takes hold of the chain connected with the prima 
conductor, and the machine be worj^ed, what t|ien will be t|ie chance 
produced in his electrical state ? 



^ii«fi>rimiigapartoftbe coniluctof, and therefoire die electric 
fltiid will be accuoialated all over his surface, and he will be 
.positively electrified, or will obtain more than his natural 
quantity of electricity. If now, a person standing on the floor 
touch tliis person, he will receive a spatk of electrical fire 
from him, and the equilibrium will again bd restored. 

If two persons stand on two insulated stools, or if they both 
;8tand on a plate of glass, or a cake of wax, the one person 
being connected by the chain with the prime conductor, and 
the other with the cushion, then, afleir Working the machine, 
if they touch each other, a much stronger shock will be felt, 
than in either of the other cases, because the (tifierence be- 
tween their electrical states will be greater, the one having 
uiote, and the other less than his natural quantity of electrici^ 
ty. But if the two insulated persons both take hold of the 
chain 'connected with, the prime conductor, or with, that con- 
nected with the cushion, no spark will pass between them, on 
-touching each other, because they will then both be in the 
eame electrical state« 

We have seen, £g. 913, that the pith ball is first attracted 
and then repelled, by the excited electriC) and that the ball so 
repelled, will attract, or be attracted, by other substances in 
its vicinity, in^^onsequence of having received from the exci>- 
ted body more than its ordinary quantity of electricity. 

Fig. 216. These alternate movements are amus* 

^ ingly vexhibited, by placing some small 

» light bodies, such as the figures of men 

^^S...^^^ and women, made of pith, or paper, be* 
^ •'^l^ tween two metallic plates, the one placed 
^'==**'^''*^ over the other, as in fig. 216, the upper 
plate communicating with the prime con- 
ductor, and the other with the ground. 
When the electricit}'^ is communicated to 
the upper plate, the little figures, being at- 
tracted by the electricity, will jump up, 
and strike their heads against it, and hav- 
ing received a portion of the fluid, are in- 
stantly repelled, and again attracted by the 
lower plate, to which they imparttheirelec- 
tricity, and then are again attracted, and so 
fetch and carry the electric fluid from one 

If two insulated penons take hold of the two chaini?, one connected 
with the piime conductor, and -the other with the cushion, what chan- 
ges will be produced? 
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to thto dtheir, as long as the npper plate coatains more than the 
lower one. In the same manner, a tumbler, if electrified on 
the inside, and placed over light«ttib8tanoes, asjath 'balls, wiH 
cause them to dance for a considerable time. 

This alternate attraction -and repulsion, by moveable con- 
ductors, is also pleasingly illustrated with « ball, suspended 
iby a silk string between two bells of brass, iig« 217, one of 
Fig. 217. the bells being'electrified, and the other 

communicating with the ground. The 
alternate attraction and repulsion, 
moves the ball from one bell to the 
other, and thus produces a continual 
ringing. In all these cases, the phe- 
nomena will be the same, whether the 
electricity be positive, or negative; 
for two bddies, being both positively, 
or negatively electrified, repel each 
other, but if one be electrified positive^ 
ly, and the other negatively;, or not at 
all, thcly attract each other. 
Thus t "small figtire, in the human shape, with the head 
^covered with hair, when electrified, either positiv^y or nega- 
tively, will exhibit an appearance of the utmost terror, each 
hair standing erect, and diverging from the other, in conse^ 
quence of mutual repulsion. A person standing en an insula- 
ted stool, and highly electrified, will exhibit the same appear- 
ttnce. In cold, dry weather, the friction produced by comb, 
ing a person's hair, will cause a less degree of the same effect. 
In either case, the hair will ccfllapse, or shrink to its natural 
'State, on carrying a needle near it, because this conducts 
away the electric fluid. Instruments designed to measure the 
intensity of electric action, are called electrometers. 

Such an inst^ment is represented by fig. 218. It consists 
of a slender rod of light wood, ti, terminclted by a pith ball, 
^hich serves as an index. This is suspended at the upper 

If they both take hold of the budo chain, what will be the efiect? 
'Explain the reason why the little images dance between the two metal- 
lic plates, fi^r. 216. Explain fig. 217. Does it make any di£Perence in 
-respect to the motion of the images, or of the ball between the bells, 
whether the electricity be positive Or negative ? When a. person lb 
'highly electrified, why does he exhibit «n appearance of the utmost 
'lejTor? What u^an electrometer ? 
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Fi^. 218. part of the wooden stem ^, so as to play ^ily 
t^ackwards and forwards, The ivory seinici|r. 
de c, is affixed to the stem, having its centre 
coinciding with the axis of motion of the rod, 
so as to measure the angle of deviation from 
the perpendicular, which the repulsion of the 
-ball from the stem produces in the index. 

When this instrument is used, the lower end 
of the stem is set into an aperture ii^ the prime 
conductor, and the intensity of the electric 
action is indicated by the number of degrees 
the index is repelled from the perpendicular. 

The passage of the electric fluid through a 
perfect conductor^ never attended mih hght, 
or the crackling noise, which is heard when it is transn^itted 
through the air, or along the surface of an electric. 

Several curious experiments illustrate this principle, for if 
%agments of tin foil, or other metal, be pasted on a piece of 
glass, so near each other that the electric fluid can pass be- 
tween them, the whole line thus formed with the pieces of 
metal, will be illuminated by the passage of the electricity 
from one to the other. 

Fig, 219p 





In this manner, figures, or words may be formed, as in fig. 
219, which by connecting one of its ends with the prime con. 
ductor, and the other with the ground, mil, when the electric 
fluid is passed through the whole, in the dark, appear one con* 
tinuous, and vivid line of fire. 

Electrical light seems not to difier, in any respect, from the 
light of the sun, or of a burning lamp. Dr. Wollaston observ- 
ed, that when this light was seen through a prism, the ordina- 
ry colors arising from the decomposition of light were obvious. 

Describe that repiesented at fig. 219, together with the mode of veing 
it. When the electric fluid passes along a perfect conductor, is it at- 
tended with light and noise, or not ? When it passes along an electric, 
or through the air, what phenomena does it exhibit ^ Describe the tJ^-. 
perimcnt, fig. 219, intended to illustrate this principle, 
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The brfflmncy of electrical sparks is proportional to the 
conducting power of the bodies between which it passes. 
When an imperfect conductor, snch as a piece of wood, is em- 
ployed, the electric light appears in faint, r^d strtams, while, 
if passed between two pointed metals, its color is of a more 
brilliant red. Its color also diflfers, according to the kind of 
substance, from, or to which it passes, or it is dependant on 
peculiar circumstances. - Thus, if the electric fluid passes be. 
tween two polished metallic surfaces, its color is nearly 
white ; but if the spark is receired by the finger from such a 
surface, it will be vtolet. The sparks are green^ when taken 
by the finger from a surface of silvered leather ; yelloio, when 
taken from fitoely powdered charcoal, nnd purple, when taken 
from the greater number of imperfect conductors. 

When the electric fluid !s dischai^ed from a point, it is 
always accompanied by a current of air, whether the electri- 
city be positive or negative. The reason of t.his appears to 
be, that the instant a particle of air becomes electrified, it re- 
pels, and is repelled by the point from which it received Ibe 
electricity. 

Fig. 220. Several curious little experiments are 

made on this principle. Thus let two cross 
wires, as in fig. 220, be suspended on a piv. 
ot, each having its point bent in a contnuy 
direction, and electrified by being placed 
on the prime conductor of a machine. 
These points, so long as the machine is in 
action, will give oflT streams of electricity, 
and as the particles of air repel the points 
by which they are electrified, the little ma. 
chine will turn romid rapidly, in tbe dtrefction oontrary to that 
of the stream of electricity. Perhaps, also, the reaction of 
the atmosphere against the current of air given ^ff by the 
points, assists in giving it motion. 

When one part, or side of an 6lect?ic is positively, ijie other 
part, or side, is negatively electrified. Thusif aplate of glass 
be positively electrified on one side, it will be negatively dec 

What is the appearance of electrical Ugifat throcigli a priani ? What 
is said concerniiigthe different •colors of electrical light, when passing 
between surfaoBs of different kinds ? Describe fig.- 220, and explain 
tbe principle on which its motion depends. Suppose one part, cr side 
of an electric is positive, what will be the electiftcal «tate of the other 
side or part f 





trified oo tl^e other, and if tbe inside of a,glas6[ vtsselbe posi- 
tive, the outaide will be. negative. 

Advantage of this wcumstance is t^ken, in, the construc- 
tion of electrical jars, called, from the place whecethey wer^ 
first made, tdcyden piaU, 

Fig. 221 . The^ nlost common form of this.jav is repre- 

sented by fig. 221. It consists of a glass ves- 
sel, CQatcd,,on both sides, up to a with tin foil; 
the upper pairt being lefl naked, so as to pre- 
vent a spontaneous discharge, or the passage 
of the electric fluid from one coating to the 
Qther. A metallic rod, rising two or three 
inches above the jar, and terminating at the 
top \yjith abrass ball, which is called the knob 
of the jar,i&mcideto descend through the cover, 
till it touches the interior coating. It is along 
this ];od,th^ t)ie charge of electricity is con- 
veyed tp the inp^r coating, while 4»e outer 
cqating i^ made tQ commmiicate with the ground* 

'when a chain i^ passed from, the prime conductor ^ an 
elftctripftl.mftcUine. to tjaifi m^ the. electricity is nCjCiMnulated 
on the ti« foil. coating, while thQ glass* above the tin foil pre- 
vents it^ escape* cmd thus the jar beepmes charged. By con- 
necti^ tqgethei? a suffioiQut imfobet of these jars, any quan- 
tity of the electric fluid may be accumulated. For this put • 
pose all the interior coatings of the jars are made to oommu- 
nicaJie witb e^.Qhi oUier, by metallic rods passing between 
them, SAd finally term^na^ting in a singliQ rod. A similar 
union i« also estabUslued, by connecting the external coats 
with each othei;* When thus arranged) the whole secies may 
be charged, a^ if they formed but one jar> and the whole^ 
series mfty be discharged at the same instant. Sueh a com* 
bination of jars is teamed 9n electrical hqUer%i^ 

For the purpose of making a direct communication between 
the inmer and outer coating of a singlo jar, or battery, by which 
a discharge is effected, an lAfitrument called a <2f«cWgi>^ rod 
is employed* It consist^ of two t>ont metallic rods, termina- 
ted at one end by brass balls, and at the other end connected 

What part of the electrioal apparatus is constructed on this principle? 
How is the Leyden rial constructed f Why is not the wdhle sur&oe 
of the yial covered with the tin foil ? How is the Leyden vial charged? 
In what manner may a numher of these vials be charged ? What is 
an electrical batteryf 
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by a joint. This joint is fixed to the end of a glass handle, 
and the rods being moveable at the joint, the balls can be sep- 
arated, or brought near each oth^ ai^ occasion requires. 
When opened to a proper distance, one ball is ma^e to touch 
the tin foil on the outside of the jar, and then the other is 
Fig. 222. brought in contact with the knob 

of the jar, as seen in fig. 222. In 
this manner a discharge is effecU 
ed, or an equilibrium produced 
between the positive and negative 
sides of the jar. 

Wheii it is desired to pass the 
charge through any substance for 
I experiment, then an eleelrical ctr^ 
cuit must be established, of which 
I the substance to be experimented 
on, must form a part. That is, 
the substance must be placed between the ends of two metal- 
lic conductors, one of which communicates with the positive, 
and the other with the negative side of the jar, or batteiy. 

When a person takes the electrtcal shock in the usual man* 
net, he merely takes hold of the chaiii connected with the 
outside coating, and the battery being charged^ touches the 
knob with his finger, or with a metallic rod. On making this 
circuit, the fluid passes through the person from the positive 
to the negative side. 

Any number of perdohs may irecieiVe the electrical shock,^ 
by taking hold of each other'^ hands, the first person touching 
the knob, while the last takes hold of a chain connected with 
the external cbating; In this manner, hundreds, or perhaps 
thousands of persons, will feel the shock at the same instant, 
there being no perceptible interval in the time when the first 
and the last person in the circle feels the sensation excited by 
the passage of the electric fluid. 

The atmosphere always contains more or less electricity, 
which is sometimes positive, and at others negative; It is 
however most commonly positive, and always so when the sky 

Explain the design of fig. 222, and show how an equilibrium is pro- 
duced by the discharging rod. When it is desired to pass the electrical 
fluid through any substance, where must it be placed in respect to the 
two sides of the battery ? Suppose the battery is charged, what must a 
person do to take the shock ? What circumstance is related, which 
shows the surprising velocity with which electrici^ is transmitted f 
Is the electricity of the atmosphere positive or negative ? 



is cldj^r, or free firom cloud9 or &gs. It i« always stronger in 
winter than in summer, and during the day than during the 
night. It is^ aisQ stronger at some hours of the day than at 
others ; b^g strongest about 9 o'clock in the morning, and 
weakest about the ididdle of the oAernootn. These different 
electrical states are ascert^ned by means of long metallic 
wires, extending from ooe building to another, and connected 
with electrometers. 

It was proved by Dr. Franklins that the electric fluid wd 
lightning 9JtQ the same substance, and this identity has been 
confirmed by subsequent writers on the subject. 

If the properties and phenomena of lightning be compared 
with those of electricity, it will be found that they differ only 
in respect to, degree. Thus lightning passes in irregular linee 
through the air ; the discharge of an electrical battery has the 
same appearance. Lightning strikes the highest pointed ob- 
jects-^ttikes in its course the best conductors — sets fire to non. 
conductors, or rends them in pieces — and destroys animal 
life ; all of which phenomena are caused by the electric fluid* 

Buildings may be secured from the effects of lightning, by 
fixing to them a metallic rod, which is elevated above any part 
of the edifice and continvied to the moist grjound,. or to the 
nearest water. Copper for this purpose is better than iron^ 
not only because it is less liable to rust, but because it is a bet- 
ter conductor of the electric fluid. The upper part of the rod 
should end in several fine points, which must be covered with 
some metal not liable to rust, such as gold, platina, or silver. 
No protection is afforded by the conductor urdess it is continu- 
ed toithout interruption from the top to the bottom of the build- 
ing, and it cannot be relied on as a protector, unless it reaches 
the moist earth, or ends in water" connected with the earth* 
Conductors of copper, may be three fourths of an inch in di- 
aiAeter, but those of iron should be at least an inch, in diame- 
ter. In large buildings, complete protection requires many 
lightning rods, or that they should be elevated to a height 
above the building in proportion to the smallness of their num- 
bers, for modern experiments have proved that a rod only pro- 

At what times does the atmosphere contain most electricity ? How 
are the different electrical states of the atmosphere ascertained ? Who 
first discovered that electricity and lightning are the same f What phe- 
nomena are mentioned wbic^ belong in common to electricity Sind light- 
ning ? Ho\y may buildings be protected from the ejects of lightning? 
Which is the best comluctor, iron or copper ? What circumstances ar^ 
accessary, that tho rod maj be relied on as a protector f 

26* 
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tects a circle around it, the radiins bf whidi is equal to twice 
its length above the building. 

Some fishes have this power of giving electrical shocks, the 
effects of which are the isaine as thois^ obtained by (he friction 
of an electric. The best known of these ariB the Torpedo^ the 
Gymhotui dectricUs, and the Silunis eljectncus. 

The torpedo, when touched with both hands at the same 
time, the one hand on the under, and the other on the upper 
su^ce, will give a dhock like that of the Leyden vial ; which 
shows that the upper and under surfaces of the eleclric organs 
are in the positivfe and negative state, like the inner and outer 
surfdCes of thte electrical jar. 

The gymnotus electricus, or electrical eel, posdesses all the 
electrical powers of the torpedo, but in a much higher degree. 
When small fish are plticed in the water ^ith this animal^ fhey 
are generally stunnlad, and sometimes killed, by his electrical 
shock, after which he eats them if hungiy. The strongest 
shock of the g}'mnotUs, will pass a short-distance through the 
air, or across the surface of an electric, from one conductor 
to another, and then there can be perceived a small, but vivid 
spark of electrical fire ; particularly if the experiment be made 
in the darki Gahxinism. See Chemistry. 



MAGNETISM. 

The native Magnet, or Loadstone, i|s an ore of iron, which 
is found in various parts of the world. Its color is iron black, 
its specific gravity from 4 to 5, and it is sometimes found in 
crystals. This substance without any preparation attracts iron 
and steel, and when suspended by a s^^ing, will turn one of 
its sides towards the noith, and another towards the south. 

it appears Uiat an examination of the properties of this spe- 
cies of iiron ore, led to the important discovery of the magnetic 
needle, and subsequently laid the foundation for the science of 
MjE^netism, though at the present day magnets are inade with- 
out this article. 

This whole science of magnetism is founded on tlie fact that 
pieces of iron or steel, after being treated in a certain manner, 
and then suspended, will constantly turn one of their ends to- 

WlALt anhnars have tiie power of giving electrical shbeks ? Is this 
electricity supposed tb differ from that obi ained by art ? H o w must tJie 
habds be applied to take l^e 'electrical shock bf these animals ? \¥liat 
is the native magnM, ot i^aDgt^ne ? What are thejsroperties 0f the 
loadstoue; On what is the whole subject of magnetism founded ? 
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wards, the north, alid consequtotly the other towa]i>d8 the south. 
The same property has been more recently proved to belong 
to the metals nickel and cobalt, though with much less intent 
sity. 

The poles of a magnet are those parts which possess the 
greatest power,' or in #hieh the magnetic Virtue seems to be 
concentrated. One of the poles points north, and the other 
south. The magnetic meridian is a vertical circle in the hea* 
vens, which intersects the horizon at the points to which the 
magnetic needle, when at rest, directs itself. 

The axis tif a magnet, is a right line which passes from one 
of its poles to the othefr. 

The eqwOor of a magnet, is a' line perpendicular to its ax* 
is, and is at the Centre between the two poles. 

The leading properties of the magnet are the following. It 
attracts iron and steel, and when suspended so as to move free- 
ly, it arranges itself so as to point north and south ; this is call- 
ed the potaritp of the magnet. When the souUi pole of one 
magnet iS presented to the north pole of another, they will at- 
tract each other ; this is called magnetic attraction. But if the 
two north or two south poles be brought together, they will 
repel each others and this is called magrtetic repulsion. When 
a magnet is lefl to tnove freely, it does not lie in a horizontal 
direction, but one pole inclines downwards, and consequently 
the other is elevated above the line of the horizon. This is 
called the dipping, or inclination of the magnetic needle. 
Any magnet is capablcf of communicating its own properties 
to iron or steel, and this again will impart its magnetic virtue 
, to another piece of steel, and so on indefinitely. 

If a piece of iron or steel be brought near one of the poles 
of a magnet, they will attract each other, and if suffered to 
come into contact, will adhere so as to require force to sepa- 
rate them; This attt'action iS mutual ; for the iron attracts the 
magnet with the same forbe that the magnet attracts the iron. 
This may be proved, by placing the iron and magnet on pieces 
of wood floating on water, when they will be seen to approach 
each other mutually. 

The force of magnetic attraction varies with the distance in 
the ^me ratio as th6 force of gravity ; the attracting force be- 

What other metals besides iron pototes the magnetic property ? What 
are the poles of a magnet ? What is the axis of a magnet? What is 
the equator of A magnet? What is meant by the polarity of a magnet ? 
When do two magifiets attract, and when repel each other ? What is 
understood by the dipping of the magnetic needle f 
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ing iQversely as the square of the distance between die mag- 
net and the iron. 

The magnetic force is boI sensibly afiected by the interpo- 
sition of any substance except those containing iron, or steel. 
Thus, if two magnets, or a magnet and piece of iron, attract 
eafih other with a certain force, this force will be the same, if 
a plate of glass, wood, or paper, be plared between them. 
Neither will the force be altered, by pla)ciDg the two attracting 
bodies under water, or in the exhausted receiver of an air 
pump. This proves that the magnetic influence passes equal. 
ly w^U through air, glass, wood, paper, water, and a vacuum. 

Heat weakens the attractive power of the magnet, and a 
white heat entirely destroys it. Electricity will change the 
poles of the magnetic needle, and the explosion of a small 
quantity of gun powder on one of the poles, will have the 
same effect. 

The attractive poweir of the magnet may be increased by 
permitting a piece of steel to adhere to it, and then suspending 
to the steel a little additional weight every day, for it w& 
sustain, to a certain limit, a little more weight on one day, 
than it would on the day before. 

Small natural magnets will sustain more than large ones in 
proportion to their weight. It is rare to find a natural mag- 
net, weighing 20 or 80 grains, which will liflmore than thirty 
or forty times its own weight. But a minute piece of natural 
magnet, worn by Sir Isaac Newton, in a ring, which weighed 
only three grains, is said to have been capable of lifting 746 
grains, or nearly 250 times its own weight. 

The magnetic property may be communicated from the 
loadstone, or artificial magnet, in the following manner, it be- 
ing understood that the north pole of one of the magnets em- 
ployed, must blways be drawn towards the south pole of the 
new magnet, and that the south pole of the other magnet era- 
ployed is to be drawn in the contrary direction. The north 
poles of magnetic bars are usually marked with a line across 
them, so as to distinguish this end from the other. 

How is it proved that tho iron attracts the magnet with the same 
force that the magnet attracts the iron ? How does the force of mag- 
netic attraction vary with tho distance f* Does the magnetic force vary 
with the interposition of any substance between tho attracting bodies? 
What is the effect of heat on the magnet ? W hat is the effect of elec-. 
trioity, or the explosion of gun-powder on it ? How may the power of 
a magnet be increased? What is said concerning the comparative 
powers of great and small magnets ? 
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Place two magnetic 
bars, a and 6, fig. 228, so 
that the north end of one 
may be nearest the south 
end of the other, and at 
such a distance, that fhe 
ends of the steel bar to be 
touched^ may rest upon 
theim. Having thus arranged them, as shown in the figure, 
take the two magnetic bars, d and e, and apply the south end 
of e, and the north end of d, to the middle of the bar c, eleva- 
ting their ends, as seen in the figure. Next separate the bars 
6, and dj by drawing them in opposite directions along the 
surface of c, still preserving the elevation of their ends ; then 
removing the bars d and e to the distance of a foot or more 
from the bar c, bring their north and south poles idto contact, 
and then having again placed them on the middle of c, draw 
them in contrary directions, as before. The same process 
must be repeated many times, on each side of the bar, c, when 
it will be found to have acquired a strong and (yermanent 
magnetism. 

If a bar of iron be placed, for a long period of time, in a 
north and south direction, or in a perpendicular position, it 
will often acquire a strong magnetic power. Old tongs, po- 
kers, and fire shovels, almost always possess more or less 
magnetic virtue, and the same is found to be the case with the 
iron windoiw bars of ancient houses, whenever.they have hap- 
pened to be placed in the direction of the magnetic line. 

A magnetic needle^ such as is employed in the mariner's ancf 
surveyor's compass may be made by fixing a piece of steel on 
a board, and theil drawing two magnets from the centre to- 
wards each end, as directed, at fig. ^23. Some magnetic 
needles, in time, lose their virtue, and require again to be 
magnetized. This may be done by placing th^ needle, still 
suspended on its pivot, between the opposite poles of two 
magnetic bars. While it is receiving the riiagnetism, it will be 
agitated, moving backwards and forwards, as though it were 
animated but when it has become perfectly magnetized, it will 
remain quiescent. 

Ezplaih fig. 223, and describe the mode of making a magnet. In 
what positions do bars of iron bebome magnetic spontaneously ? How 
may a needle be magnetized without removing it from iU pivot ? 
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The dipf or melinuticn of the magnetic neiedle is its devia- 
tioii from its horizontal position, as already mentioned. A 
piece of steel, or a needle, which will rest on its centre, in a 
direction parallel to the horizon, before it is magnetized, will 
afterwards incline one of its ends towards the earth. This 
property of the magnetic needle, was discovered by a compass 
maker, who, having finished his needles before they were 
magnetized, found that immediately afterwards, their north 
ends inclined towards the earth, so that he was obliged to add 
small weights to their soutq poles, in order to make them 
balance, as before. 

The dip of the magnetic needle is measured by a graduated 
circle, placed in the vertical position) with the needle sus- 
pended by its side. Its inclination from a horizontal line 
marked across the faceof this circle, is the measure of its dip. 
The circle, as usual, is divided into 360 degrees, and these 
into minutes and seconds. 

The dip of the needle does not vary materially at the same 
place, but differs in different latitudes, increasing as it is car- 
ried towards the north, and diminishing as it is carried to- 
wards the south. At London, the dip for many years has 
varied little from 72 degrees. In the latitude of 80 degrees 
north, the dip according to the observations of Capt. Parry^ 
was 88 degrees. 

Although, in general terms, the magnetic needle is said to 
point north and south, yet this is very seldom strictly true, 
there being a variation in its direction, which differs in degree 
at different times and places. This is called the voriatton, 
or decimation of the magnetic needle. 

This variation is determined at sea, by observing the differ- 
ent points of the compass at which the sun rises, or sets, and 
comparing them with the true points of the sun's rising or 
setting, according to astronomical tables. By such observa- 
tions, it has been ascertained, that the magnetic needle is 
continually declining alternately to the east, or west, from due 
north, and that this variation differs in different parts of the 
world at the same time, and at the same place at different 
times. 

How was the idip of the magnetic needle first discovered ? In ivhat 
manner is the dip measured ? What circumstance increases or dimin- 
ishes the dip of the needle ? What is meant by the declination of tho 
magnetic needle ? How is this variation determined ? What has been 
ascertained, concerning the variation of the needle at different timet 
and places ? 
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In 1580 the needle, at London, pointed 11 degrees 15 min- 
utes east of north, and in 1657 it pointed due north and south, 
so that it moved during that time at the mean rate of ahout 9 
minutes of a degree in each year, towards the north. Since 
1657; according to ohservations made in England, it has de- 
clined gradually towards the west, so that in 1803, its varia- 
tion west of north, was ^ degrees. 

At Hartford, in latitude ahout 41, it appears, from a record of 
its variations, that since the year 1824, the magnetic needle 
has been declining towards the west, at the mean rate of 3 
minutes of a degree annually, and that on the 20th of July, 
1829, the variation was 6 degrees 3 minutes west of the true 
^meridian. 

The cause of this annual variation has not been demonstra^ 
ted, though according to the experiment of Mr. Canton, it 
has been ascertained, that there are slight variations during 
the different months of the year, which seem to depend on the 
degrees of heat and cold. 

The directive power of the magnet is of vast importance to 
the world, since by this power, mariners are enabled to con- 
duct their vessels through the widest oceans, in any given di- 
rection, and by it, travellers can find their way across deserts 
which would otherwise be impassable. 
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